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Abstract 
 The barrier islands and backbarrier marshes and bays of Virginia’s Eastern Shore 
are one of the largest undeveloped barrier-island systems in the US, and are currently 
threatened by sea-level rise, storms, and changing sediment supply. This research 
presents insights into the evolutionary and developmental history of Parramore Island, 
one of the largest – and commonly assumed to be most stable – of these islands. 
Stratigraphic (vibracores, auger cores), geospatial (historical maps, aerial imagery, t-
sheets, LiDAR), and chronological (optically stimulated luminescence [OSL], 
radiocarbon) data reveal that Parramore has alternated between periods of landward 
migration and seaward progradation several times during the past 1000 years. 
Radiocarbon dates, stratigraphic data, and historical maps illustrate that Parramore Island 
was three discrete islands experiencing overwash-driven retrogradation as recently as 977 
± 144 BP. Dates provided by OSL analyses indicate the progradational ridges overlying 
and seaward of these washovers are only 140 – 560 years old. This confirms that the 
progradational beach and dune ridge system forming the core of Parramore Island is 
much younger than those on similar barriers elsewhere along the Mid-Atlantic coast. 
Over the last ca. 200 years, individual proto-barrier islands prograded, forcing inlet 
closure and development of a shallow beach ridge and swale system landward of central 
and southern Parramore. Remnants of higher ridges are subaerially exposed and 
vegetated in the form of Little Beach, Revels Island, smaller ridges along the western 
edge of Parramore, and dissected ridges in the form of so-called “Pimpled Mounds” west 
of the modern foredune. Lower ridges and swales have been inundated by rising sea level 
and are covered by thin (<1 m), young (commonly <100 years old) marsh that has 
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migrated upland into the interior of the barrier island. These data indicate that Parramore 
has only existed in its present form for ca. 200 years. Moreover, a recent shift to rapid 
erosion – and consequent perceived “rotation” of the island – along much of its length (at 
an island-average rate ~12 m/yr since 1980), suggest that the apparent robustness and 
stability of Parramore are ephemeral features of a rapidly changing barrier island. The 
modern island may be undergoing a transition from erosion to a period of landward 
parallel-retreat, potentially due to a decrease in sediment supply reaching the island from 
sand trapping at the more northern Fishing Point. If so, Parramore may become the most 
southerly barrier in the Virginia Eastern Shore’s characteristic “Arc of Erosion”. 
 
Keywords: barrier island, beach ridge, dune ridge, sediment supply, backbarrier, relative 
sea-level rise, erosion, migration, antecedent topography 
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Introduction 
Background 
 Barrier islands line approximately 5000 km of the East and Gulf coasts of the 
United States (Davis and FitzGerald, 2004), with the 405 islands within this region 
comprising 24% of the total global barrier-island shoreline length (~10% of global 
coasts) (Stutz and Pilkey, 2011). Barrier islands are composed of a beach and adjacent 
dune, beach and dune ridges, lagoon, marsh, mainland, inlet and deltas, barrier platform, 
and shoreface (Oertel et al., 1992; Davis and FitzGerald, 2004; Krantz et al., 2016), 
together referred to as a “barrier system”. Beach ridges commonly form as relict 
shorelines and are common to progradational (seaward-building) coastal systems (Otvos, 
2000; Hine et al., 1979). Dune (also called “foredune”) ridges form adjacent and parallel 
to the ocean-side beach in a barrier system through eolian activity. Barrier systems 
commonly characterize passive margins, such as Amero-trailing edge coasts (e.g. the 
United States East Coast; Inman and Nordstrom, 1971), and are historically believed to 
form from spit severance, offshore sediment accretion, coastal submergence, or a 
combination of these (Hoyt, 1967; Schwartz, 1971).  
 Barrier islands front marsh platforms, provide key ecosystem services, and protect 
mainland coasts from large storm events. They are essential in protecting backbarrier 
marshes, which sequester large volumes of carbon and provide habitat for organisms like 
birds and fish, but require high sediment inputs and low wave-energy to remain intact 
(Fagherazzi et al., 2013). Barrier islands are also hosts to large local economic industry in 
the form of tourism and permanent communities.  
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Since barriers are themselves highly dynamic environments that regularly erode, 
build, migrate, and rotate, there is a necessity to approach barrier systems holistically – 
from the shoreface to the backbarrier marshes and lagoons – in order to fully understand 
the mechanisms responsible for observed changes (Deaton et al., 2016). Over millennial 
time scales, the effects of climate change and relative sea-level rise (RSLR) are the 
dominant cause of landward barrier island migration (Wolinsky and Murray, 2009; 
Moore et al., 2010; Brenner et al., 2015). A number of factors play significant roles in the 
rate of shoreline retreat and barrier-island migration by influencing the balance between 
accommodation creation (generally due to RSLR) and infilling (due to net sediment 
inputs). Among these are increased storminess and human development (e.g., Rogers et 
al., 2015); antecedent topography and inland slope (e.g., Wolinsky and Murray, 2009); 
substrate erodability, slope, and sediment budgets (e.g., Moore et al., 2010); and tectonics 
(e.g., Leatherman et al., 1982). Brenner et al. (2015) and Walters et al., (2014) together 
demonstrate the roles that underlying substrate, barrier width, backbarrier deposition 
rates, and the presence/absence of marsh can have on barrier island migration rates with 
respect to RSLR, such that low slope regions with a wide, sandy, backbarrier marsh 
environment migrate slowly towards land. Similarly, Lorenzo-Trueba and Mariotti 
(2015) show that an essential component of barrier resilience in the face of RSLR is a 
steady supply of fine sediments to the backbarrier from overwash.  
 Similar barrier-backbarrier couplings form the foundation of the “runaway 
transgression” model (FitzGerald et al., 2008), which suggests that a reduction in 
sediment supply (or an increased rate of RSLR) can cause the drowning of backbarrier 
marshes, leading to an increase in barrier tidal prism and tidal inlet ebb-tidal delta 
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volumes and attendant erosion of adjacent barrier islands. These changes drive the 
collapse of barrier island dunes, leading to increased overwash of sediment from the 
shoreface to the backbarrier (hence, accelerated migration), eventual island breaching and 
inundation as the island narrows, and consequent landward migration.   
 
Geographic setting 
 There are 12 largely undeveloped Virginia Barrier Islands (VBI) that flank the 
southeastern 120 km of Delmarva Peninsula, which is bounded by the Chesapeake Bay 
on the west and Atlantic Ocean on the east (Fig. 1A). Together, these islands comprise 
the largest natural barrier system on the U.S. East Coast. Parramore Island is located 
within the Virginia Coast Reserve section of the VBI. It is bounded to the north by 
Wachapreague Inlet and to the south by Quinby Inlet.  
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Figure 1 a) The study area (Parramore Island) shown in context of the Virginia Eastern 
Shore and the Virginia Barrier Islands system, b) vibracore and sample locations for both 
optically stimulated luminescence (OSL) and radiocarbon dating, c) auger core locations 
for swale mapping, and d) distribution of OSL samples, radiocarbon samples, vibracores, 
and ground-penetrating radar (GPR) profiles along northern Parramore. 
 
 
Geologic setting 
The VBI front the Delmarva Peninsula, which originally formed as a spit that 
prograded south (Oertel and Overman, 2004) during a series of former Pleistocene 
highstands of sea level, filling former lowstand channels of the Susquehanna River 
(Oertel and Foyle, 1995; Foyle and Oertel, 1997). The islands are backed by saltmarshes 
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and lagoons. Tides along the VBI are semi-diurnal (Finkelstein and Ferland, 1987) with a 
mean tidal range of 1.23 m, and a mean spring tidal range of 1.37 m (McBride et al., 
2015). The mean wave height is ~0.95 m, based on a record covering 2012 to 2015 
(McBride et al., 2015). Dominant winds are from the north (during northeast extratropical 
storms [nor’easters]), leading to new southerly current and wave direction, and thus net 
southerly longshore sediment transport (Finkelstein and Ferland, 1987). The region is 
often exposed to tropical storms, which have increased in frequency between 1885 and 
2003 (Hayden, 2003; Hayden and Hayden, 2003). Sea-level rise along the Virginia 
Eastern Shore also has undergone significant acceleration, doubling from approximately 
1.8 mm/yr over the last 7000 years (Fig. 2) to approximately 5 mm/yr in the last 70 years 
(Boon and Mitchell, 2015; Fig. 3).  
 
Figure 2. Middle to late Holocene sea-level change along the Eastern Shore of Virginia 
(modified from Engelhart et al., 2011). 
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Figure 3. Monthly mean sea-level trends recorded at Wachapreague, VA, where relative-
sea-level rise is >5 mm/yr since 1980 (NOAA). 
 
The VBI are composed primarily of unconsolidated sand, silt, and clay (Krantz et 
al., 2016). Antecedent Pleistocene topography has been identified as a likely subtle 
control on barrier response to past sea-level change and geographic inlet distribution, 
such that inlet development is largely concentrated in lower topography paleochannels, 
whereas barriers are pinned on topographic subsurface highs (Morton and Donaldson, 
1973; Halsey, 1979; Demarest and Leatherman, 1985; Oertel et al., 1989). This barrier 
chain is categorized into three main groups on the basis of shoreline retreat rates and 
orientation: landward-migrating parallel-retreat barriers to the north along what is often 
referred to as the “Arc of Erosion” (Wallops, Assawoman, Metompkin, Cedar islands), 
stationary, rotational barriers (Parramore, Hog, Cobb islands), and the southern-most set 
of landward-migrating non-parallel retreat barriers (Wreck, Ship Shoal, Smith, Myrtle 
islands; Leatherman et al., 1982; McBride et al., 2015). The central, rotational islands 
display the classic drumstick morphology of mixed-energy barrier islands, characterized 
by numerous inlets and large ebb-tidal deltas (Hayes, 1979).    
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Parramore Island is approximately 12 km long and 2 km wide, with several high 
(2-6 m) beach and dune ridges – the largest of which is called Italian Ridge (Fig. 4) – and 
largely receives fine sediment from barriers north of the Wachapreague Inlet through 
southerly longshore transport (Fenster et al., 2016). The age of these ridges is robustly 
debated, but heretofore, they have never been dated. For example, Harrison (1972) 
speculates that the ridges on Parramore and adjacent islands may date to the last 
interglacial sea-level highstand during the Pleistocene (~120k years before present). By 
contrast, Hine et al. (1979), Newman and Munsart (1968), and McBride et al. (2015) 
assign a likely Holocene age to these ridges. Though Parramore Island has been rotational 
during historic time, it has been largely stable on its northern end, thus preserving these 
ridges for investigation of past barrier morphologic and sedimentologic change.  
Deaton et al. (2016) show that VBI shoreline retreat rates have increased 
dramatically during the last ca. 35 years (Fig. 5) from an island-average rate of 4.5 m/yr 
for the last 150 years. Documented changes in Parramore Island’s shoreline since the 
1850s (Byrne, 1974; Richardson, 2012; Fig. 6) show that shoreline migration has largely 
taken the form of “rotation” of the island, in which southern Parramore has rapidly 
migrated landward, but northern Parramore has remained largely stable (Newman and 
Munsart, 1968; Harris, 1992). However, due in part to complex sand transport and 
trapping dynamics associated with Fishing Point (Southern Assateague) and 
Wachapreague Inlet, northern Parramore has begun rapidly eroding as a potentially sand-
starved barrier in recent decades, as coarser materials are trapped at these two sediment 
sinks (Fenster et al., 2016; Finkelstein, 1983; Finkelstein and Ferland, 1987; Richardson, 
2012; McBride et al., 2015). This may result in shifting the island overall to a phase of 
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parallel-retreat (McBride et al., 2015; Richardson, 2012) and has already caused an 
acceleration in the barrier-average shoreline retreat rate to >12 m/yr since 1980 (Deaton 
et al., 2016).  
 
 
Figure 4. Location of Italian Ridge and other ridge features and topographic highs on 
Parramore Island. Satellite image is modified from Virginia Base Mapping Program 
(2013). 
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Figure 5. Long-term (1851/2-2010) and short-term (1980-2010; enclosed in brackets) 
shoreline retreat rates in m/yr for the Virginia barrier islands (Deaton et al., 2016).  
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Figure 6. Changes in the historical shoreline positions of Parramore Island over the last 
ca. 160 years. Arrows denote the general landward motion of the island (modified from 
Richardson, 2012). Satellite image is modified from Esri, DigitalGlobe, GeoEye, 
Earthstar Georgraphics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS 
User Community (2015). 
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Statement of work 
 This study investigates the forces responsible for morphologic and sedimentologic 
change along the VBI through an examination of the formation and evolutionary history 
of Parramore Island. Specifically, it focuses on past barrier/backbarrier system couplings 
for Parramore Island and how they are preserved in the present topography and 
backbarrier stratigraphy. Analysis of Parramore Island’s history serves to place the 
evolution of the VBI alongside regional relative sea-level changes, with potential to 
further refine existing records of past regional sea-level change, and attendant coastal 
morphologic response. Furthermore, the exploration of morphodynamic transitions in 
Parramore Island over the past 1000-2000 years provides insight into the relative 
influence of storminess, sea level, tidal and inlet dynamics, and the distal alongshore 
effects of the broader evolution of the VBI chain (i.e., Assateague through Fisherman’s 
Island). Ultimately, this study provides critical insight into coastal sensitivity to 
environmental change and facilitates preparation for protection of other barrier islands, 
infrastructure, and mainland coastal towns for future change.  
 
Methods 
Field methods 
 Ground-penetrating radar (GPR), vibracores, auger cores, and samples for 
optically stimulated luminescence (OSL) and radiocarbon dates were collected across 
Parramore Island and its adjacent backbarrier marshes. Corresponding location 
information for the field data was collected using a Topcon HiPer V GPS system with 
real-time kinematics (RTK-GPS) and Differential GPS (DGPS). The RTK-GPS has 
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centimeter to sub-centimeter horizontal accuracy and vertical accuracy of ~1.5 cm; the 
DGPS has accuracy <0.5 m. GPR is a common tool used for coastal stratigraphy that 
allows for mapping of subsurface reflections indicative of stratigraphic changes, based on 
differences in the rate of transmission of electromagnetic energy through the underlying 
sediment (Jol et al., 1996). GPR data were collected across Parramore Island in one 1700-
m long cross-barrier transect and two short (200-550m) east-west transects (Fig 1C, 1D). 
GPR data were not collected in backbarrier marshes and lagoons due to saltwater 
attenuation of the radar signal: when the electromagnetic energy reaches salt or brackish 
water, the signal is dampened or lost (Jol et al., 1996). Potential transects for GPR were 
targeted using aerial imagery, and adapted to local ground conditions (e.g., 
presence/absence of vegetation). All GPR data were collected with a Mala ProEx system 
with a RAMAC XV11 monitor and a 500 MHz shielded antenna (2-6 m depth 
penetration), survey wheel, and DGPS. 
Vibracores were collected along two sub-parallel transects spanning from the 
barrier island to the mainland: one in the northern half of the backbarrier and the other in 
the southern half (Fig. 1B, 1D). A comprehensive GIS database of previous sediment 
coring locations in this region guided the selection of potential coring locations to prevent 
duplication of earlier coring expeditions. A total of thirteen 7.5-cm diameter vibracores 
were collected within the barrier/backbarrier system of Parramore Island (Fig. 1B, 1D, 7). 
These cores ranged from 2.5 to 9 m in length. In order to map the thickness of marsh in 
the interior of central Parramore Island, an additional 260 auger cores were collected 
along 25 west-to-east transects across a swale between Little Beach and the primary 
barrier (Fig. 1C).   
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Figure 7. The VIMS Coastal Geology Lab vibracoring in the backbarrier marsh of 
Parramore Island. Pictured are (L-R) J. Shawler, E. Hein, S. Fate (VIMS Eastern Shore 
Lab), C. Hein, J. Raff, and S. Baker. 
 
 
Laboratory analysis and mapping methods 
 Sediment cores were returned to VIMS, opened, photographed, described for 
texture (as compared to known standards), mineralogy, and color (using a Munsell Color 
Chart), and sampled. Samples were also collected from depth in these cores for 
radiocarbon dating.  
 Ground-penetrating radar data were post-processed using site-specific filtering, 
migration and variable gain control, and were time-depth converted based on estimated 
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dielectric constants (Baker et al., 2007) using the RadExplorer (DECO-Geophysical Co. 
Ltd) software package.  
Beach ridges visible in aerial imagery in the proximal backbarrier of Parramore, 
notably along Little Beach and Revel’s Island, were mapped using ArcGIS. This provides 
detail about how the ridge structures may have formed and reached their present state 
(i.e., interactions with an inlet, overwash from the barrier island, channelization, etc.). 
Historical maps, which provide insight into changes in the morphology of Parramore 
Island during historical time, were consulted to aid understanding of beach ridge 
morphology, the chronology and extent of shoreline and morphological changes, and 
overall evolution of the island through recent time. Vertical data collected with RTK-
GPS were compared to high-resolution LIDAR data using ArcGIS (Fig. 8).  
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Figure 8. Lidar-based topographic map of Parramore Island. Elevations are given above 
vertical datum NAVD 88. Note the high elevation of ridges in contrast to the relatively 
low topography of the rest of the barrier island. Data from Virginia Information 
Technologies Agency, The Nature Conservancy – Virginia Office, the University of 
Virginia’s Virginia Coast Reserve Long-Term Ecological Research Project and the U.S. 
Geological Survey. 
 
Beach 
Ridges 
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Chronology 
 
Chronology was provided through examination of historical maps and 
sediment/organic matter burial dates provided from OSL and radiocarbon analyses. OSL 
dating measures the duration of time that quartz grains have been buried (i.e., not 
exposed to sunlight; Aitken, 1998; Huntley et al., 1985), thus providing a minimum age 
for formation. The burial duration is measured via release of excited photons by sand 
samples that are exposed to light in the laboratory and compared to known fluxes of 
radiation in the environment. The electrons are trapped in the crystal lattice of quartz and 
charge builds up as a consequence of radiation exposure during the burial process. In 
addition to the ability to perform dating analyses on different materials (i.e., shells vs. 
sand), Oliver et al. (2015) demonstrate that OSL performed on sand from progradational 
coastal environments provides more reliable dates than radiocarbon analyses on shell 
material; correlation of ages from both dating systems enhances confidence in results.  
Five locations were targeted for OSL dating (Fig. 1B, 1C, 1D; Table 1). Samples 
for dating were collected in darkness (under cover of heavy blankets) inside 30-cm long 
opaque PVC tubes from between 30 and 100 cm below the surface sediment. This 
method ensured minimal exposure of sand grains to sunlight. Samples were analyzed at 
the University of Georgia in the Luminescence Dating Laboratory. After opening the 
samples under red light and removing 5 cm from the top and bottom (to avoid any 
sediment unintentionally exposed to sunlight), samples were treated with 10% 
hydrochloric acid (HCl) and 20% hydrogen peroxide (H2O2) to remove carbonate and 
organic material. The sediment was then dried and sieved to separate ~150 – 250 µm-
sized grains and using liquids (densities 2.62 g/cm3 and 2.75 g/cm3) to isolate quartz 
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grains from these samples. Theses sediments were then treated in hydrofluoric acid (HF) 
before additional treatment in HCl and exposure under blue light for 1 minute at 125 ºC 
(Aitken, 1998; Bøtter-Jensen et al., 1999). OSL analyses were performed using a Risø 
TL/OSL-DA- 15 Reader (Markey et al., 1997). The equivalent dose was determined 
following the protocol set forth by Murray and Wintle (2000) for the single aliquot 
regenerative-dose procedure and Uranium, Thorium, and Potassium contents were 
measured and converted to determine the alpha, beta, and gamma dose rates (Aitken, 
1985; Aitken, 1998). These data are presented in Table 1 (George A. Brook, personal 
communication, 2017).  
Accelerator mass spectrometer radiocarbon analyses of five shell and peat 
samples from various depths in auger holes, pits, and vibracores were performed at the 
National Ocean Sciences Accelerator Mass Spectrometry Facility (NOSAMS; Woods 
Hole, MA, USA; Fig. 1B, 1D; Table 2). OxCal 4.2 (Bronk Ramsey, 2009) was used to 
calibrate all of the radiocarbon ages with additional calibration curves developed by 
Reimer et al. (2013). Shell material was calibrated using Marine13 with a reservoir 
correction of 63 ± 54 years while peat/terrestrial material was calibrated using curves 
from Intcal13. Table 2 presents the results of radiocarbon analyses and associated 
calibrations. All dates in text are 2-σ calibrated ages before 1950 (BP). 
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Results 
Backbarrier stratigraphy 
 Lithologic boundaries were determined from sediment cores and sediments are 
divided into four stratigraphic units based on sedimentological characteristics including 
grain size, sorting, rounding, mineralogy, etc. At the base of the stratigraphic sequence is 
a complex and heterogeneous layer: dark brown to gray/dark gray, fine to coarse and 
gravel-sized, subrounded to subangular quartz sand with minor silt and heavy mineral 
components (Unit I). The upper contact of this unit is found at spatially varying depths, 
shallow (2.75 – 4 m) proximal to the mainland and deepening in an offshore (eastern) 
direction. A section of sediments with an increased component of silty-clay characterizes 
the uppermost 0.1 to 0.7 m of this unit and in some locations, a thin (<0.3 m) layer of 
organic-rich gytcha is present. Otherwise, this unit is largely void of shells and organic 
materials. Heavy minerals and coarser grains are concentrated in bands of fine to medium 
sand adjacent to the mainland behind Northern Parramore and the sediments exhibit 
slight fining-upwards adjacent to the mainland behind Southern Parramore. Several 9-m 
long cores in the central (east-west) backbarrier did not penetrate to this unit. However, 
proximal to the barriers, sediments of this unit are identified at only 5.5 – 6 m below 
mean sea level (MSL) and are generally finer and better sorted than Unit I sediments 
proximal to the mainland.  
Unit II is composed of dark gray, fine sediments that are clustered in the deep 
stratigraphy of the central backbarrier. The upper contact of this unit is shallow and found 
at depths of ca. 0.3 – 0.4 m below MSL proximal to the barrier and <1.0 m below MSL 
proximal to the mainland. This unit is spatially homogenous silt and clay. The sediments 
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of this unit often have a well-sorted fine quartz sand component with some heavy 
minerals and shells or shell fragments. In the central backbarrier to the North, this unit is 
largely silty-clay with occasional organic fragments and shell hash/shell fragments. 
Towards the mainland, Unit II contains fine, subrounded quartz sand with some heavy 
minerals and rare shell fragments; Unit II exhibits a general fining-trend towards the east. 
This cross-shore trend can be seen in the most southerly sediments of this unit, where 
sediments are coarser and contain more sand to the west of the backbarrier.  
The upper boundary for Unit III is found at MSL and varies in thickness from 0.3 
m to 1.2 m. This unit is composed of organic-rich, grayish-brown silty-clay with some 
subrounded fine quartz sand with mica. In the mainland-proximal cores, this sand 
component is coarser with medium to granule-sized sand grains. The sand component is 
absent in central backbarrier cores. The organic material present in these sediments are 
largely rootlets, rhyzomes, and marsh grasses.  
Unit IV is only seen in the barrier- and barrier-proximal cores and the upper 
contact for this unit is directly beneath Unit III. The sediments in this unit are dark gray 
to brownish-gray, subrounded to rounded, fine to medium quartz sand with heavy 
minerals. There is minimal to no silty-clay component in the sediments.  
 
Barrier island stratigraphy 
 Fine to medium sand characterizes the base of the stratigraphic sequence (~2.5 – 3 
m) below the modern barrier surface. Similar to sediment found in Unit IV of barrier-
proximal cores, the basal sand is sub-rounded with some heavy mineral component and 
heavy mineral banding and medium-grained laminations of quartz sand. Sediment 
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coarsens to medium sand around 1 m in depth before a transition to a largely fining—
upwards sequence. The barrier stratigraphy is capped with <20 cm of organic-rich fine 
silty sand at the coring locations (within on-barrier swales). 
 Shallow auger cores allow for the mapping of marsh thickness in the region west 
of central Parramore, proximal to Little Beach (Fig 1C). Marsh thickness ranges between 
0 and 98 cm and extends laterally from west of the modern foredune to west of Little 
Beach. Correction of sand depths for core elevation (collected with a RTK-GPS) reveals 
that there is little variability in the thickness of marsh found in, or adjacent to, present-
day channels in the marsh and increases to the south.  
 Radar penetration was limited in nearly all locations due to saltwater attenuation. 
However, a 17 m-long section of seaward-dipping reflections is observed along one 
shore-normal transect across Little Beach. On central Parramore, a 30-m long section of 
GPR collected across Italian Ridge shows abundant 1.0 – 1.5 -m thick landward-dipping 
units (slopes: 10-20˚) located <1.5 m below the surface and within the western portion of 
Italian Ridge (Fig. 9); seaward-dipping reflectors are not clearly observed on the eastern 
side of Italian Ridge. A 2-m long hand auger core collected in this location reveals that 
the sediments comprising this seaward-dipping unit are homogenous, fine to medium 
grained, well-sorted quartz-rich sand. 
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Figure 9. GPR transect going from west to east showing landward-dipping subsurface 
units 30 to 15 m west of the crest of Italian Ridge. 
 
Chronology 
 Chronology provided by OSL and radiocarbon dates demonstrates the young age 
of material on Parramore Island. Dates from OSL analyses (Table 1; Fig. 10) range from 
140 ± 20 years at 0.9 m below the surface of Little Beach (PAROSL-04) to the oldest age 
of 560 ± 60 years, 0.25 m below the western side of Western Ridge (the westernmost 
ridge separating Parramore Island from the backbarrier marsh). Calibrated radiocarbon 
ages (Table 2; Fig. 10) range from modern material (PARA-03) to 3564 ± 106 years at a 
depth of ~5.5 m below the modern marsh surface.  
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Figure 10. Location and ages (in years CE) of samples collected for radiocarbon and 
optically stimulated luminescence analyses. Ages are interpreted as burial ages for the 
dated material. Satellite image is modified from Virginia Base Mapping Program (2013). 
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Mapping 
 A series of topographically high (<50 cm) ridges are observed proximal to Little 
Beach and Revels Island (Fig. 11; Fig. 12). In both cases, these have a distinctive 
curvature that parallels the morphology of these higher features (Fig. 12). These ridges, 
interpreted as a combination of wave-built progradational beach ridges capped by eolian 
foredune ridges, are more closely spaced than the larger shore-sub-parallel ridges located 
on the northern part of the island (e.g., Western and Italian ridges) or the ridges located 
within higher elevation sections of Little Beach and Revels Island themselves.  
 
 
Figure 11. Looking south along Little Beach from central Parramore. Ridge-swale 
topography is shown (marsh growth in swales, tree growth on ridges).  
 30 
 
Figure 12. Topographically high (<50 cm) ridges mapped visually using aerial imagery 
to the east and south of Little Beach. The curvature of these features – interpreted as a 
combination of wave-built beach ridges and eolian foredune ridges – around Little Beach 
is used as evidence of the presence of a former tidal inlet segmenting Little Beach earlier 
in its development, and persisting during the early stages of progradation. Satellite image 
is modified from Esri, DigitalGlobe, GeoEye, Earthstar Georgraphics, CNES/Airbus DS, 
USDA, USGS, AeroGRID, IGN, and the GIS User Community (2015). 
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Observations from historical maps add context to OSL and radiocarbon 
chronology and to the timing and processes responsible for the development of Parramore 
Island. During the mid to late 1700s, the features of Parramore Island currently identified 
as Little Beach and Revels Island are shown as two distinct islands, separated from one 
another and from the area of northern Parramore Island (e.g., Robert de Vaugondy, 1755; 
Fig. 13). Coastal surveys from >100 years later (e.g., Bache et al., 1855; Fig. 14) depict a 
singular island stretching from northern Parramore south to Revels Island. Maps from the 
1870s and 1890s (e.g., Mendenhall et al., 1893; Fig. 15) show a ridge-and-swale system 
on northern Parramore Island, with Little Beach and Revels detailed as topographic highs 
within a single, broad island. Backbarrier marsh is also depicted. The extension of 
Parramore south to its current position is shown in maps from the 1930s (e.g., Patton, 
1933; Fig. 16). Aerial photographs from ca.1960 (e.g., Fig. 17) show inundation and 
drowning of central and southern Parramore along with circular, dissected ridges – so-
called “pimple mounds”. The beginning of inland marsh development is shown in aerial 
photographs from ca. 1970 (e.g., Fig. 18).  
 32 
 
Figure 13. Historical map showing Parramore Island and Revels Island. Modified from 
Robert de Vaugondy (1755).  
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Figure 14. Historical map of Parramore Island. Modified from Bache et al. (1855).  
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Figure 15. Historical maps showing ridge and swale development on northern Parramore 
Island. Modified from Mendenhall et al. (1893).  
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Figure 16. Historical map showing extension of Southern Parramore. Modified from 
Patton (1933).  
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Figure 17. Aerial photograph from 1959 showing vegetated ridges on northern 
Parramore and inundation of central Parramore. Image from USDA Farm Service 
Agency.  
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Figure 18. Aerial photograph from 1967 showing continued inundation of central 
Parramore and the beginning of inland marsh development. Image from USDA Farm 
Service Agency.  
 
 
Sources of error 
 The accuracy of some of the GPR location data that was collected with the RTK-
GPS may be limited to 2-3 m horizontally and 2-4 m vertically due to range to the base 
station and interference from dense vegetation. High-resolution LiDAR elevation data 
and handheld GPS points (accurate to within 5 m) were used to support RTK-GPS 
location information. GPR data were collected during a spring tide: the water table was 
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higher than normal and consequent saltwater attenuation may have affected the ability to 
examine subsurface structure beyond the top ~3 m.  
 
Discussion 
Interpretation of stratigraphic units 
 Unit I is interpreted to be Pleistocene sands deposited in a high-energy coastal 
environment during a sea-level highstand. The lateral heterogeneity of the contact 
between Unit I and Unit II may be a result of the channelized and hummocky topography 
of the Pleistocene surface left behind as streams incised and sea level fell during a 
regression (Halsey, 1979). Unit II contains fine sediments characteristic of deposition in a 
low-energy environment—as such, this unit consists of lagoonal sediments. The 
abundance and type of organic material present in Unit III support its designation as the 
thin, modern marsh unit that caps the top of each backbarrier core. Unit IV is interpreted 
as the sands of the modern barrier complex. The textural and mineralogical maturity of 
sands in this unit are characteristic of sediments found in overwash deposits, eolian 
dunes, and beach deposits. Backbarrier stratigraphy is summarized in Fig. 19.   
 
Barrier island formation, migration, and pinning 
 The complexity of sedimentary packages observed behind Parramore Island (and 
barrier islands generally) results from changes in response to RSLR and changing 
sediment supply (Finkelstein and Ferland, 1987), as well as local factors such as the 
lithology and slope of underlying antecedent topography.  
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The Holocene VBIs formed prior to ca. 4600 years ago offshore of their present 
location, likely as a series of small, landward-migrating islands (Finkelstein and Ferland, 
1987). Such a transgressive phase is observed in our stratigraphic data (Fig. 19). We 
interpret the basal sands penetrated in our landward-most cores to be Pleistocene in 
origin. This surface dips seaward, below the depth of our core penetration, across the 
central backbarrier. However, this surface is again observed at the base of several 
sediment cores, proximal to the modern barrier island. This finding is in line with those 
of earlier researchers who observed the Pleistocene surface 1-2 m below northern 
Parramore (Newman and Munsart, 1968), 5 m below southern Parramore, and 6-7 m 
below the Hog Island backbarrier (Harris, 1992). We conclude that this spatially non-
uniform surface is a former topographic high under Parramore Island itself, serving to pin 
the island in its present location.  
A number of researchers have highlighted the role of antecedent topography in 
barrier island location, formation, and behavior. Belknap and Kraft (1985) demonstrated 
the role of antecedent topography in the development of Delaware’s barrier islands. In 
Virginia, Morton and Donaldson (1973) and Halsey (1979) attribute sediment distribution 
and inlet location on the Virginia Barrier Islands to channelization patterns in the 
underlying Pleistocene material. The morphology of the Pleistocene surface is, in turn, a 
result of sea-level change on glacial-interglacial time scales and likely represents deposits 
generated during multiple subsequent highstands and periods of sea-level fall following 
the last interglacial (120,000 years ago) (e.g., Demarest and Leatherman, 1985; Krantz et 
al., 2016). As Holocene sediment was deposited on top of the incised dendritic 
Pleistocene headlands (Halsey, 1979) between 5100 and 1000 years BP (Harris, 1992), 
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barrier islands became “pinned” to topographic highs between river channels (Morton 
and Donaldson, 1973; Harris, 1992) and continued to accrete in response to sediment 
reworking and Holocene sea-level rise (Demarest and Leatherman, 1985; Fig. 20). The 
remnant high ridges provided sufficient stability for sediment accumulation and subaerial 
development. Supporting work by Harris (1992) suggests that Hog Island, located 
immediately south of Parramore Island, migrated upslope onto a Pleistocene ridge before 
stabilizing. Likewise, new subsurface data collected in the backbarrier of Parramore 
Island provide supporting evidence for the role of this buried Pleistocene topography in 
the development of Parramore Island in its current location.  
A package of fining-upwards Holocene sediment overlies the Pleistocene surface 
and represents the backbarrier deposits associated with the regressive phase of barrier 
island evolution. This unit was first described in detail by Finkelstein and Ferland in 
1987. Coarse material deposited on top of the Pleistocene surface reflects a higher energy 
(i.e., wide, open lagoon) backbarrier that transitions into finer sediment representative of 
lower energy (i.e., narrow, marsh-filled lagoons) (Finkelstein and Ferland, 1987; Shawler 
et al., 2017). A radiocarbon sample from a layer of silty-clay 5.5 m in depth PARV-02 
suggests this shift in energy present in the backbarrier likely occurred during the last 
several thousand years (Shawler et al., 2017).  
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Figure 20. Pleistocene ridges and channels shown in relation to the modern Virginia 
Barrier Islands system. From Shawler et al. (2017). Modified from Harris (1992).  
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Late stage retrogradation and stabilization phase 
 Radiocarbon analysis of in situ shells (Crassostrea virginica) found articulated, in 
growth position, and within a matrix of fine to medium silty-sand under the western side 
of Parramore Island’s Western Ridge provides an age of 977 ± 144 years BP. These 
species are common to shallow-water, low-energy backbarrier environments. They were 
found buried under 0.5 m of fine to medium sand. Together, this sequence is interpreted 
as a washover deposit onto a former backbarrier intertidal flat. Its presence suggests that, 
at one point, Parramore Island had retrograded to a position corresponding to the western 
extent of the large beach/dune ridges on its northern end, with a maximum age for this 
deposit corresponding to that provided by the radiocarbon analysis. The progradational 
ridge and dune system comprising modern northern Parramore is younger than this 
backbarrier unit and composed of fine to medium sand that caps the overwash deposits. 
This sedimentary sequence is similar to sedimentary sequences observed on the western 
side of Hog Island (Harris, 1992). Radiocarbon analyses performed on peat samples and 
in situ shells (Mercenaria campechiensis) from an underlying shell bed on the southern 
end of Hog Island provide ages of 1,170 ± 80 years BP and 1905 ± 75 years BP, 
respectively (Harrison et al., 1965; Rusnak et al., 1963). Rice et al. (1976) interpret the 
sampling location corresponding to these dates as a relict, proto-Hog island. These data 
suggest that retrogradation of northern Parramore Island, and potentially Hog Island, 
continued until ca. 1000 years ago, when it stabilized, likely pinned to an underlying 
Pleistocene topographic high.  
The shore-parallel beach ridges fronting and south of Little Beach, and deeper 
sand units between subaerial topographic highs (Little Beach, Revels Island, and smaller 
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unnamed islands parallel with these) demonstrate the persistence and highlight the 
location of paleo-inlets which existed at the time of barrier island pinning and 
stabilization. They also indicate that, following stabilization, the landmass that is now 
Parramore Island was once a set of 3-5 smaller barrier islands, separated by narrow tidal 
inlets. Historical imagery and maps show Parramore Island as multiple separate barrier 
islands until ca. 200 years ago, suggesting that this phase in Parramore’s development 
lasted several hundred years.  
 
Progradational phase 
 Following pinning and stabilization, the multiple islands that composed proto-
Parramore shifted to a phase of progradation, likely reflecting a combination of slow sea-
level rise and an abundance of longshore and cross-shore sediment delivery. This phase 
occurred through the growth of successive beach and foredune ridges that may have 
formed as a series of landward-migrating offshore attachment bars associated with the 
multiple tidal inlets. A similar mechanism of barrier island growth has been suggested for 
other East Coast barriers like Kiawah Island, South Carolina (Moslow, 1980; McBride et 
al., 2015). A vibracore collected in the swale immediately west of Italian Ridge confirms 
the presence of shoreface sand 0.1 m below the surface, confirming that both the ridge 
and swale are progradational features. Many of these beach and dune ridges remain 
visible in the topography surrounding Little Beach (Fig. 11, 12) and in the large ridges on 
northern Parramore Island (Fig. 4). Furthermore, rare deep seaward-dipping reflectors in 
otherwise poor GPR data indicate that Italian Ridge and Little Beach themselves built out 
as a series of beach ridges which were later capped by eolian deposits. The latter is 
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evidenced by landward-migrating fine sand observed in GPR profiles across Italian 
Ridge. 
Eventually, the proto-barriers prograded and elongated to the point of welding and 
suturing. This led to inlet closure and the formation of a single, continuous barrier island. 
This parallels the 1900s inlet closure between three more southerly barriers to form 
present-day Fisherman Island, as described by Oertel and Overman (2004). A wide swale 
and multiple beach and dune ridges built in front of Little Beach, which is evidenced by 
continuous sandy deposits 0.2 m below the base of thin marsh east of Little Beach in core 
PARV-07. Lower swales, such as those surrounding Italian Ridge and east of Little 
Beach, were eventually drowned by RSLR; this is seen in historical imagery from the 
1870s.  
This period of barrier aggradation (vertical growth through dune ridge building) 
and progradation occurred recently: radiocarbon and OSL analyses performed on material 
from Little Beach date it at 189 ± 139 years BP and 74 ± 20 years BP, respectively. An 
OSL analysis performed on a sample from a progradational ridge on the eastern side of 
Revels Island dates to 494 ± 60 years BP. Additional OSL analyses on a sample collected 
from within eolian deposits (Fig. 9) underneath western Italian Ridge reveal that this 
ridge feature formed a minimum of 144 ± 20 years BP. A dune ridge on the northwestern 
end of the island is also shown to have developed at least 124 ± 20 years BP. These dates 
match well with historical maps, which indicate that Parramore Island reached its 
maximum extent in ca. 1870. Furthermore, these dates align with estimates for Hog 
Island, directly to the south of Parramore Island. Based on marsh accretion rates, Harris 
(1992) argues that Hog Island, in its present configuration, is only 200 – 300 years old. 
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The ages provided by OSL and radiocarbon analyses and marsh accretion are in 
contrast to the ages of other East Coast barriers. For example, shells from transgressive 
deposits (capped by shoreface sediments) in the backbarrier of Kiawah Island, South 
Carolina date to 4435 ± 80 year BP and 4450 ± 80 year BP (Moslow, 1980; Duc and Tye, 
1987). Additionally, changes in foraminifera assemblages in sediment cores from 
Pamlico Bay, North Carolina (Culver et al., 2007) indicate that a barrier island (i.e. the 
Outer Banks, NC) had formed in this area by ca. 3500 years BP. These data support OSL 
analyses performed by Mallison et al. (2007), which date beach ridges from Kitty Hawk, 
in the Outer Banks, to ca. 3000 to 2000 years. The ages for Parramore Island and Hog 
Island suggest that since these two islands are ca. 200 years old in their present 
configuration, the VBI chain may be comparatively younger than other barrier systems 
on the United States East Coast. 
 
Rotational to erosional regime shift 
 Based on historical shoreline change mapping, Parramore Island, along with Hog 
and Cobb Islands, has traditionally been considered to be a rotational barrier island. 
Richardson (2012; Fig. 6) shows that Parramore has been largely stable to the north, with 
erosion on its southern end leading to a perceived rotational trend from ca. 1850 – 1950. 
This has led to long-term (1850s – 2010) and short-term (1980 – 2010) island-average 
shoreline retreat rates of 4.5 m/yr and 12.4 m/yr, respectively (Deaton et al., 2016). The 
erosion into the sandy barrier sequence liberates sand that can then be transported south 
by the wave-driven longshore transport system to the southern barriers. Since 1950, 
northern Parramore has started to erode, likely due to a mix of sand sequestration in the 
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ebb-tidal delta in Wachapreague Inlet located immediately to the north (Fenster et al., 
2011; Richardson, 2012; McBride et al., 2015) and sediment trapping at the Fishing Point 
spit complex (southern Assateague; Finkelstein, 1983; Finkelstein and Ferland, 1987; 
Wikel, 2008; Richardson, 2012; McBride et al., 2015; Fenster et al., 2016). Ultimately, 
this has caused a regime shift to rapid parallel retreat, and possible future extension of the 
Arc of Erosion south to include Parramore Island (Richardson, 2012; McBride et al., 
2015; Deaton et al., 2016). 
As sediment supply diminished and became unable to outpace the region’s rapid 
RSLR, Parramore’s progradational swales were inundated and drowned. Following the 
growth of Parramore Island to its maximum width in the 1870s, near-total inundation of 
southern Parramore began in the 1950s.  It was not until recently (from 1950 to present) 
that marsh began to migrate onto the interior of the barrier, growing atop of drowned 
swales. Upland marsh migration may increase carbon sequestration, but the recent rapid 
retreat of a narrowing Parramore Island may threaten marsh stability and carbon storage 
as the young, thin marsh covering the swales becomes exposed on the shoreface (Fig. 
21). Barrier island retreat also has negative implications for Parramore’s large forests, 
which are experiencing die-offs from exposure to saltwater on the shoreface (Fig 21).  
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Figure 21. Photo of modern central Parramore Island, looking north. Foreground: 
outcropping thin (<50 cm) marsh formed in a swale between beach / foredune ridges east 
of Little Beach, and eroded by waves on the beachface following exposure by erosion of 
a former ridge east of the modern beach. Background: a “ghost forest” of dead trees 
located on a former backbarrier progradational ridge from saltwater inundation. Image 
from D. Ciarletta.  
 
 
Summary and broader implications 
 We have developed an evolutionary model to synthesize this data and explain 
Parramore Island’s development through time (Fig. 22). Parramore Island was once a 
series of multiple small barrier islands that migrated landward via overwash until ca. 
1000 years BP, when these small islands stabilized in the position of the westernmost 
edge of modern Parramore. Pinned to topographic highs and fed by abundant sediment 
during a period of slow RSLR, these islands entered a progradational phase during which 
they island widened (Fig. 22A, 22B), elongated, and merged into a single island (Fig. 
22C, 22D), which reached a maximum width of ca. 2.5 km on its southern end in ca. 
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1870 (Fig. 22E). Since that time, the shoreline of Parramore Island rotated through 
erosion and narrowing focused at its southern end (Fig. 22G), and in the last ca. 30 years 
has entered into a phase of parallel retreat (Fig. 22I). These regime shifts between 
retrogradation, progradation, and erosion underscore the complex and interconnected 
nature of Parramore’s response to changes in sea level, sediment supply, and storminess. 
Given that these changes all occurred recently, under moderately stable rates of RSLR, 
this study indicates that sediment supply is likely the most significant driver of barrier 
island change on the VBI – individual islands are dependent on longshore sediment 
inputs for stability. In a regime of accelerated RSLR and decreased longshore sediment 
inputs, the future of these barrier islands may become uncertain. For example, a recent 
study by Deaton et al. (2016) show that the Cedar Island is undergoing rapid parallel 
beach retreat and that the Hog Island shoreline has been building out, instead of retreating 
since 1980 (Fig. 5). As storm frequency (and/or intensity) increases and additional 
sediment is trapped at Fishing Point and the Wachapreague Inlet, erosion of Parramore 
Island is likely to only accelerate. In the short term (tens of years), rapid erosion of 
Parramore Island will allow for continued delivery of sediment to Hog Island by 
longshore transport. However, once Parramore Island narrows to the point at which it 
breaches and begins to overwash, the barrier will migrate landward, shifting sediment 
transport landward, and cutting off Hog from a major sediment source. This may 
potentially initiate erosion on what has historically been the most stable progradational 
barrier island in the VBI chain. Parramore Island may eventually become part of the Arc 
of Erosion and the section of sand-starved barriers would shift one island further south. 
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The result may be that Hog Island undergoes similar processes to those delineated in the 
latter stages of the developmental model for Parramore Island.  
 
Outstanding work  
This study presents preliminary mapping of the Pleistocene stratigraphy and adds 
confidence that Parramore Island is pinned on a Pleistocene high. Additional resources 
should focus on better understanding the location and extent of this Pleistocene 
topography under the VBI, to inform numerical models and developments in predictions 
of barrier behavior and maintenance. Furthermore, there is a gap in knowledge 
surrounding why Parramore transitioned from a retrogradational regime to a 
progradational phase. While this study presents potential sediment trapping to the north 
as a dominant driver of barrier change, further understanding of the controls on barrier 
behavior is needed. This is valuable work, as the behavior and threshold responses of 
Parramore Island may have implications for carbon storage, fundamental barrier island 
dynamics, and the response of the VBI to future change. 
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Figure 22 a/b) Pre-historic 
island progradation, c/d) 
Welding of offshore-bars and 
southerly spit growth 
bewtween ca. 1700 and 1800, 
e/f) ridge welding and 
inundation/vegetation of 
swales on northern Parramore; 
Southern Parramore becomes 
robust, g/h) Upland marsh 
migration and drowning of 
southern swales, i/j) modern 
day thin and resilient on-
barrier marsh development. 
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Conclusions 
 Backbarrier and barrier island stratigraphy, historical imagery and mapping, and 
chronology provided by OSL and radiocarbon analyses indicate that Parramore Island is a 
young and dynamic barrier system that has evolved to its present state over the past ca. 
200 years. The other barriers in the VBI system are likely of similar age to Parramore 
Island, which suggests that this barrier system is in fact much younger than other East 
Coast barrier systems. The stages outlined by the development model for Parramore 
Island begin with a period of island progradation via welding of offshore bars and 
southerly “spit” elongation, as sediment supply from the north outpaces RSLR. The 
modern Parramore Island barrier complex (Parramore, Little Beach, Revels Island) then 
developed following inlet closure: progradation continued, and the island experienced 
swale inundation and upland marsh migration as sediment supply decreased in response 
to sediment trapping to the north. After formation of the well-developed ridge and swale 
system that exists on Parramore Island today, sand starvation caused the island to rapidly 
erode. This study demonstrates Parramore Island’s sensitivity to fluctuations in sediment 
supply and suggests that its current erosional state may lead to parallel-retreat and 
increased dynamism, as Parramore Island may become part of the Arc of Erosion and 
drive future changes in downdrift islands.  
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Appendix A: Description of vibracores 
Core: PARV-01  
Location: On Parramore Island, between Western Ridge and Italian Ridge  
Northing 4156880  
Easting 445058  
        
Notes: Core not able to penetrate because of a tree stump (?). Core begins at 26 cm and goes to 234 cm (208 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 fine sand 
organic rich 
mud with 
some fine 
sand 
10YR-
5/2-
grayish 
brown 
  
0 0 10 10 fine to 
medium 
sand 
quartz sand 
with some 
heavy 
minerals and 
organic 
fragments 
(rootlets) 
10YR-
5/2-
grayish 
brown 
  
1 26 0 26 fine 
sand 
quartz with 
heavy 
minerals; 
some 
rootlets in 
the top ~30 
cm 
10YR-
5/2-
grayish 
brown 
iron staining 
present from 
52-70 cm in 
depth (likely 
as a result 
from being 
opened--this 
core 
desription 
was made 
after the core 
was initially 
opened 
 
 
 
 
 
 65 
 
 
  
1 26 79 105 fine to 
medium 
sand 
fine quartz 
sand with 
some heavy 
minerals and 
medium 
shell 
fragments 
(occasional 
rare coarse 
shell 
fragment); 
some micas; 
heavy 
mineral-rich 
laminations 
are present 
from 174-
215 cm in 
depth 
10YR-
5/2-
grayish 
brown 
color banding 
due to 
different 
moisture 
levels from 
147-254 cm 
1 26 208 234 END OF CORE 
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Core: PARV-02  
Location: approximately 50 meters north of The Nature Conservancy dock on Northern Parramore  
Northing 4157336  
Easting 444682  
        
Notes: Core begins at 57.5 cm and goes to 771 cm (713.5)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 clayey silt 
blue-gray 
clay and silty 
clay with 
some marsh 
rootlets  
10YR-
4/1-dark 
gray   
1 57.5 0 57.5 clayey 
silt 
some mica 
flakes and 
abundant 
roots and 
marsh grass 
10YR-
4/1-dark 
gray 
  
1 57.5 62 119.5 clayey 
silt 
same as 
above with 
fewer 
organics/rootl
ets 
10YR-
4/1-dark 
gray 
  
1 57.5 98.5 156 clayey 
silt 
abundant 
clustered 
shells and 
large (3+) 
shell 
fragments 
10YR-
4/1-dark 
gray 
  
1 
 
 
 
 
 
 
57.5 146.5 204 silty 
clay 
some shells 
(cockle at 
222-224cm; 2 
oyster halves 
at 231-238 
cm) 
 
10YR-
4/1-dark 
gray 
  
1 57.5 221.5 279 silt with 
some 
clay 
  10YR-
4/1-dark 
gray 
  
1 57.5 236.5 294 clayey 
silt 
some rootlets, 
periwinkle 
shell at 305-
306cm  
10YR-
4/1-dark 
gray 
  
1 57.5 289.5 347 clayey 
silt 
same as 
above with 
abundant 
rootlets, some 
rhyzomes 
10YR-
4/1-dark 
gray 
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1 57.5 412.5 470 clayey 
silt 
same as 
above wit 
some rootlets 
and shell 
fragments 
(oysters) 
10YR-
4/1-dark 
gray 
  
1 57.5 462.5 520 clayey 
silt 
abundant 
rootlets 
10YR-
4/1-dark 
gray 
  
1 57.5 489.5 547 clayey 
silt 
distinct lenses 
of sand 
(lenticular 
bedding), 
sand is very 
fine quartz 
10YR-
4/1-dark 
gray 
fines 
upwards 
1 57.5 562.5 620 sandy 
silt 
fine with 
subangular 
quartz, some 
mica 
 
 
 
 
10YR-
5/1-gray 
  
1 57.5 575.5 633 silty 
sand 
fine, sub-
angular 
quartz sand 
with 
abundant 
mica flakes 
and some 
heavy 
minerals, 
moderately 
sorted 
10YR-
5/1-gray 
  
1 57.5 713.5 771 END OF CORE 
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Core: PARV-03  
Location: On high marsh approximately 1000 m from the western end of Parramore Island  
Northing 4157711  
Easting 443808  
        
Notes: Core begins at 22 cm and goes to 872 cm (850 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0   
modern 
marsh, 
abundant 
rootlets 
10YR-
4/2-dark 
grayish 
brown 
  
1 22 0 22   modern 
marsh, 
abundant 
rootlets 
10YR-
4/2-dark 
grayish 
brown 
  
1 22 9 31 mud 
with 
fine 
sand 
quartz sand, 
section 
coarsens 
upward with 
more sand 
component 
at top, some 
rootlets 
10YR-
4/1-dark 
gray 
  
1 22 57 79 mud abundant 
rootlets 
10YR-
4/1-dark 
gray 
gaps in the 
core from 
108-127 
cm and 
151-163 
cm 
2 172 0 172 mud some 
organic 
fragments 
and rootlets, 
possibly rip-
up clasts 
10YR-
4/1-dark 
gray 
30 cm lost 
from 
bottom of 
core, 4 cm 
added to 
account for 
core topper 
3 363.5 0 363.5 silty 
clay 
occasional 
rootlets 
10YR-
4/1-dark 
gray 
  
3 363.5 39 402.5 silty 
clay 
abundant 
shells, 
oysters in 
life position 
10YR-
4/1-dark 
gray 
  
3 363.5 59 422.5 silty 
clay 
occasional 
rootlets 
10YR-
4/1-dark 
gray 
  
 69 
3 363.5 90 453.5 silty 
clay  
abundant 
organic root 
fragments 
10YR-
4/1-dark 
gray 
  
4 484 0 484 mud occasional 
rootlets with 
abundant 
rootlets in 
the top 20 
cm 
10YR-
4/1-dark 
gray 
  
4 484 79 563 mud no rootlets, 
some shell 
fragments in 
the last 10 
cm 
10YR-
4/1-dark 
gray 
  
5 606.5 0 606.5 silty 
clay 
rare 
periwinkle 
shells 
10YR-
4/1-dark 
gray 
  
6 729 0 729 mud very rare 
organic 
fragments 
10YR-
4/1-dark 
gray 
  
6 729 143 872 END OF CORE 
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Core: PARV-04  
Location: On high marsh platform approximately 500 m NW of PARV-03  
Northing 4158564  
Easting 443146  
        
Notes: Core begins at 21 cm and goes to 786.5 cm (765.5 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0   
modern 
marsh, 
abundant 
rootlets 
10YR-
4/2-dark 
grayish 
brown 
  
1 21 0 21   modern 
marsh, 
abundant 
rootlets and 
marsh grass 
10YR-
4/1-dark 
gray 
  
1 21 25 46 silty 
clay 
very 
saturated 
10YR-
4/1-dark 
gray 
  
1 21 94 115 silty 
clay 
abundant 
oyster and 
mussel 
shells in life 
position 
10YR-
4/1-dark 
gray 
  
2 171 0 171 silty 
clay 
abundant 
oyster shells 
with other 
shells 
(scallop, 
periwinkle) 
10YR-
4/1-dark 
gray 
  
2 171 70 241 silty 
clay 
no shells 10YR-
4/1-dark 
gray 
  
2 171 98 269 silty 
clay 
abundant 
shell clusters 
from 270-
281 cm and 
301-324 cm 
10YR-
4/1-dark 
gray 
  
3 324 0 324 silty 
clay 
abundant 
shells (some 
whole oyster 
and clam 
shells) in 
growth 
position 
10YR-
4/1-dark 
gray 
  
3 324 28 352 clayey 
silt 
rare rootlets 10YR-
4/1-dark 
gray 
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4 436.5 0 436.5 silty 
clay 
abundant 
rootlets and 
organic 
fragments 
from 450.5-
460.5 cm 
10YR-
4/1-dark 
gray 
2 cm lost 
from cap, 
filled with 
sand 
4 436.5 35 471.5 mud 
with 
fine 
sand 
abundant 
shells 
(oyster, 
periwinkle, 
mussel) 
from 500.5-
509.5cm  
10YR-
4/1-dark 
gray 
  
5 555.5 0 555.5 silty 
clay 
pockets of 
fine sand, 
rare shells 
around 
623.5-634.5 
cm 
10YR-
4/1-dark 
gray 
  
6 677.5 0 677.5 mud abundant 
shell 
fragments 
from 730.5-
741 cm, rip-
up clasts and 
organic 
matter from 
750.5-763 
cm 
10YR-
4/1-dark 
gray 
  
6 677.5 85.5 763 mud peat layers 
with mud 
mixed in 
10YR-
3/2-very 
dark 
grayish-
brown 
  
6 677.5 109 786.5 END OF CORE 
 
 
  
 72 
Core: PARV-05  
Location: About 1.5 km NW from PARV-04  
Northing 4159515  
Easting 442023  
        
Notes: Core begins at 21 cm and goes to 828 cm (807 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0   
modern 
marsh, 
abundant 
rootlets 
10YR-
4/2-dark 
grayish 
brown 
  
1 21 0 21   modern 
marsh, 
abundant 
rootlets 
10YR-
4/1-dark 
gray 
  
1 21 70 91 silty 
clay 
rare to no 
rootlets, 
periwinkle 
shell at 100-
101 cm 
10YR-
4/1-dark 
gray 
4 cm lost 
from 
bottom of 
core and 
6.5 cm lost 
from top of 
drive 2 
2 147.5 0 147.5 muddy 
sand, 
sandy 
mud 
fining upward 
sequence 
transitioning 
from muddy 
sand to sandy 
mud (contact 
roughly 
around 161.5 
cm), shell 
fragments 
from 224-
226.5 cm and 
periwinkle 
shells from 
235-238.5 cm 
10YR-
4/1-dark 
gray 
  
3 275.5 0 275.5 muddy 
sand, 
sandy 
mud, 
fine 
sand 
coarsens 
upwards from 
a sandy mud 
to a muddy 
sand, 
transition is 
gradational, 
grains are 
dominantly 
quartz with 
some heavy 
10YR-
4/1-dark 
gray 
4cm gap 
likely 
occurred 
while 
cutting 
drive 3, the 
gap is 
roughly 
3cm down 
from the 
top of core, 
 73 
minerals, 
subrounded, 
and well 
sorted, shell 
fragments 
from 295-298 
cm and 
periwinkle 
shells from 
321-323.5 cm  
then 
another 
empty 3 
cm 
4 390.5 0 390.5 fine 
sand 
and 
mud 
transitions 
between 
sandy mud 
and muddy 
sany, rare 
shell 
fragments 
from 412-
417.5cm and 
491.5-
493.5cm 
10YR-
4/1-dark 
gray 
  
5 541.5 0 541.5 mud no rootlets, 
lenses of 
muddy, fine, 
quartz sand 
with some 
heavy 
minerals, 
grains area 
well sorted 
and 
subrounded, 
shell 
fragments 
from 609-
616.5 cm 
10YR-
4/1-dark 
gray 
possible 
lenticular 
bedding 
found 
between 
578.5-
586.5 cm 
5 541.5 95 636.5 fine 
sand to 
mud 
transitions to 
quartz sand 
with some 
heavy 
minerals, 
subrounded 
to subangular 
grains that are 
well sorted, 
more mud 
component 
towards top 
with limited 
mud 
component at 
bottom 
10YR-
5/1-gray 
  
 74 
6 694 0 694 fine 
silty 
sand 
Dominantly 
quartz with 
some 
heavy/dark 
minerals, 
grains are 
poorly sorted 
and 
subangular, 
slight fining 
upwards 
10YR-
4/1-dark 
gray 
laminations 
from 787-
828 cm 
(bottom), 
composed 
of 
alternating 
bands of 
light and 
dark sand; 
bottom, 
possible 
that 7 cm 
of 
sediment 
were lost 
from 
bottom of 
core 
6 694 134 828 END OF CORE 
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Core: PARV-06  
Location: About 500 m SE of Island House Restaurant-Mainland proximal core for Parramore North Transect  
Northing 4161538  
Easting 439427  
        
Notes: Core begins at 20 cm and goes to 451.5 cm (431.5 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0   
modern 
marsh, 
abundant 
rootlets 
10YR-
4/2-dark 
grayish 
brown 
  
1 20 0 20   modern 
marsh, 
abundant 
rootlets and 
marsh grass 
10YR-
4/1-dark 
gray 
  
1 20 78 98 silty 
clay 
transitions to 
silty mud, 
saturated, 
abundant 
rootlets and 
rare marsh 
grass 
10YR-
4/1-dark 
gray 
  
2 173 0 173 mud 
with 
some 
mediu
m to 
coarse 
sand 
heavy 
organic 
component 
(abundant 
rootlets), 
sand is 
dominantly 
quartz and 
grains are 
subrounded 
10YR-
3/1-very 
dark 
gray 
  
2 173 18.5 191.5 mudd
y 
mediu
m to 
pebbl
e sand 
transitions to 
a muddy, 
poorly sorted 
sand that is 
dominantly 
quartz and 
lithics, 
grains are 
medium to 
pebble sized 
with 
subangular 
grains, 
organic 
10YR-
4/1-dark 
gray 
  
 76 
material and 
rootlets are 
present, 
become rare 
by 231 cm, 
and taper out 
by 253 cm 
2 173 126 299 mediu
m 
sand 
with 
slight 
mud 
comp
onent 
moderately 
well sorted 
with coarse 
grains rare, 
grains are 
dominantly 
quartz and 
lithic 
fragments, 
subangular 
10YR-
4/2-dark 
grayish 
brown 
  
3 325 0 325 mediu
m to 
coarse 
sand 
with 
slight 
mud 
comp
onent 
grains are 
dominantly 
quartz and 
lithics with 
some heavy 
minerals, 
subrounded 
10YR-
6/2-light 
brownish 
gray 
distinct 
lamintation
s between 
356-393 
cm, finer 
grains and 
more heavy 
minerals 
are 
concentrate
d within 
laminations 
3 325 71 396 fine to 
gravel 
sand 
alternating 
laminations 
of extremely 
poorly sorted 
(fine to 
gravel) 
subrounded 
lithics, 
quartz, and 
some heavy 
minerals 
with medium 
to fine 
quartz sand 
with some 
heavy 
minerals 
10YR-
6/2-light 
brownish 
gray 
laminations 
are coarse 
and occur 
from 396-
408 cm, 
411-414 
cm, 417-
425 cm, 
429.5-435 
cm 
 77 
3 325 115 440 fine 
sand 
with 
minor 
mud 
comp
onent 
Grains are 
dominantly 
quartz, mica, 
and heavy 
minerals, 
subrounded 
10YR-
4/1-dark 
gray 
Heavy 
minerals 
are 
concentrate
d in bands; 
Likely that 
the end of 
this core 
(displaced 
during core 
opening) 
was added 
unintention
ally in the 
field and is 
modern 
marsh, 
bottom 
3 325 126.5 451.5 END OF CORE 
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Core: PARV-07  
Location: East of Little Beach  
Northing 4152845  
Easting 442863  
        
Notes: Core begins at 34 cm and goes to 281.5 cm (247.5 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 silt to 
fine 
sand 
organic rich 
peat with 
silt and fine 
quartz sand 
    
0 0 21 21 fine 
sand 
fine quartz 
sand with 
heavy 
minerals; 
grains are 
subrounded 
with some 
organics/ro
otlets 
    
1 34 0 34 fine subrounded 
quartz sand 
with some 
heavy 
mineras and 
abundant 
rootlets 
10YR-
4/1-dark 
gray 
  
1 34 9 43 coarse 
to 
medium 
sand at 
bottom 
to fine 
to 
medium 
sand 
coarse/medi
um sand is 
dominantly 
rounded 
quartz with 
heavy 
minerals; 
fine to 
medium 
sand is 
dominantly 
subrounded 
quartz with 
heavy 
minerals 
and a slight 
mud 
component; 
slightly 
saturated 
10YR-
4/1-dark 
gray 
fines 
upwards 
 79 
2 185.5 0 185.5 medium 
sand 
moderately 
sorted and 
rounded to 
subrounded; 
mostly 
quartz with 
some heavy 
minerals 
and 
occasional 
shell 
fragments 
(<1 mm), 
slightly 
saturated 
10YR-
5/1-gray 
  
2 185.5 65 250.5 medium 
and fine 
sand 
slight 
laminations 
of sand 
(same as 
above) and 
saturated 
fine sand 
(subrounde
d, quartz 
and heavy 
minerals) 
10YR-
4/1-dark 
gray 
coarser 
lamination
s have 
abundant 
shell 
fragments 
(<2 mm) 
2 185.5 81 266.5 fine 
sand 
with 
slight 
mud 
compon
ent 
subrounded, 
quartz and 
heavy 
minerals; 
some fine 
shell 
fragments; 
saturated 
10YR-
3/1-very 
dark 
gray 
  
2 185.5 96 281.5 END OF CORE 
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Core: PARV-09  
Location: East of PARV-10  
Northing 4153269  
Easting 440344  
        
Notes: Core begins at 46 cm and goes to 679 cm (633 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grai
n 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
silt  abundant 
rootlets, 
grass, and 
rhyzomes 
  
  
1 46 0 46 mud 
with 
some 
fine 
quartz 
sand 
abundant 
rootlets, 
sand grains 
are 
subrounded, 
some heavy 
minerals 
10YR-
4/1-dark 
gray 
  
1 46 29 75 sandy 
mud 
sand grains 
are 
subrounded, 
fine, and 
dominantly 
quartz, little 
to no sand 
component 
at bottom; 
abundant 
rootlets, 
some shell 
fragments in 
last 5 cm 
10YR-
4/1-dark 
gray 
rip up 
clasts? 
1 46 115 161 mud, 
fine 
sand 
well 
saturated 
mud with 
fine sand 
(with fine 
shell 
fragments) 
as a minor 
component; 
abundant 
shell 
fragments/sh
ells in 
growth 
position 
(oysters) 
10YR-
4/1-dark 
gray 
  
 81 
2 199 0 199 mud, 
fine 
sand 
comp
onent 
some fine 
shell 
fragments 
mixed with 
the fine 
sand, oyster 
fragments in 
the top 6 cm 
10YR-
4/1-dark 
gray 
  
2 199 31 230 fine 
sand, 
mud 
comp
onent; 
mediu
m 
sand 
with 
slight 
mud 
comp
onent 
at 
botto
m 
grains are 
subrounded 
and 
dominantly 
quartz with 
some heavy 
minerals in 
fine sand; 
medium 
sand is very 
well 
saturated 
with 
subrounded 
quartz 
grains; fine 
shell 
fragments 
throughout 
10YR-
4/1-dark 
gray 
  
3 351.5 0 351.5 silty 
very 
fine 
sand 
grains are 
moderately 
well sorted 
and 
subrounded 
to 
subangular; 
dominantly 
quartz with 
muscovite 
and heavy 
minerals; 
sporadic 
shell 
fragments 
throughout 
10YR-
4/1-dark 
gray 
very well 
saturated 
from 351.5-
381.5 cm 
3 351.5 127 478.5 silty 
very 
fine 
sand  
same 
composition 
as above; 
moderately 
well sorted 
and fine 
grained with 
subrounded 
to 
subangular 
grains. 
Lenses of 
silt 
10YR-
4/1-dark 
gray 
  
 82 
4 504 0 504 fine 
claye
y 
sand 
subangular 
grains, 
dominantly 
quartz, 
heavy 
minerals, 
and micas 
GLEY1-
4/N-dark 
gray 
  
4 504 23 527 silty 
sand 
sand grains 
are medium 
sized and 
subangular; 
dominantly 
quartz, 
heavy 
minerals, 
and micas 
GLEY1-
4/N-dark 
gray 
lens of clay 
at 626 cm 
4 504 175 679 END OF CORE 
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Core: PARV-10  
Location: 0.5 mile east of PARV-11  
Northing 4154082  
Easting 439389  
        
Notes: Core begins at 55 cm and goes to 795 cm (740 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
silty 
clay 
abundant 
marsh 
rootlets/gras
s 
  
  
1 55 0 55 mud abundant 
rootlets and 
marsh grass 
10YR-
4/1-dark 
gray 
very 
saturated 
1 55 65 120 mud rootlets and 
marsh grass 
less 
abundant 
than above, 
rare shell 
fragment 
(171-172 
cm) 
10YR-
4/1-dark 
gray 
rip up 
clasts? 
2 207.5 0 207.5 mud rare 
rootlets; 
abundant 
rootlets 
from 294.5-
310.5 cm 
and 343.5-
360.5 cm 
10YR-
4/1-dark 
gray 
rip up 
clasts? 
3 360.5 0 360.5 mud rootlets, 
rootlets 
decrease 
towards 
bottom and 
are absent 
in the last 
45 cm 
10YR-
4/1-dark 
gray 
  
3 360.5 138 498.5 silty 
clay 
rare lenses 
of mud 
10YR-
3/1-very 
dark 
gray 
  
4 513.5 0 513.5 sandy 
clay 
sand grains 
are well 
sorted fine 
grains, 
subrounded, 
GLEY1-
5/N-gray 
  
 84 
dominantly 
quartz and 
heavy 
minerals 
4 513.5 26 539.5 fine to 
very 
fine 
sand 
moderately 
well sorted 
subrounded 
grains; 
dominantly 
quartz, 
heavy 
minerals, 
and 
muscovite; 
some heavy 
mineral 
banding; 
one lens of 
mud at 
615.5-616.5 
cm 
GLEY1-
4/N-dark 
gray 
muscovite 
increases 
slightly 
towards the 
bottom  
5 664.5 0 664.5 fine 
sand 
well sorted, 
subrounded 
to rounded 
grains that 
are 
dominantly 
quartz, 
heavy 
minerals, 
and 
muscovite 
10YR-
4/1-dark 
gray 
  
4 664.5 32 696.5 fine 
sand 
dominantly 
quartz, with 
very fine 
heavy 
minerals 
and some 
muscovite; 
moderately 
well sorted 
with 
subrounded 
grains; 
occasional 
lenses of 
mud 
10YR-
4/1-dark 
gray 
heavy 
minerals 
concentrated 
in bands 
4 664.5 130.5 795 END OF CORE 
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Core: PARV-11  
Location: East of PARV-12  
Northing 4154667  
Easting 438173  
        
Notes: Core begins at 32 cm and goes to 574 cm (542 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
silty clay abundant 
marsh 
rootlets/grass 
  
  
1 32 0 32 mud abundant 
rootlets and 
root 
fragments 
near the top; 
organic 
matter 
sparser 
towards 
bottom of 
section 
10YR-
4/1-dark 
gray 
saturated 
1 32 64 96 very fine 
sandy 
mud 
sand grains 
are 
subrounded 
quartz and 
heavy 
minerals; 
occasional 
lenses of 
mud 
10YR-
4/1-dark 
gray 
well 
saturated 
2 186 0 186 fine 
sandy silt 
grains are 
subrounded 
quartz and 
heavy 
minerals, 
some 
muscovite; 
lenses of 
sandy silt 
with greater 
silt 
component; 
shells are 
273 cm and 
300 cm 
10YR-
4/1-dark 
gray 
  
2 186 122 308 clayey 
silt 
some fine 
muscovite, 
periwinkle 
10YR-
4/1-dark 
gray 
  
 86 
shell at 327 
cm 
3 340 0 340 clayey 
silt 
very fine 
mica grains, 
abundant 
shells in life 
position 
(oyster 
shells) with 
periwinkles 
from 377-
388 cm and 
409-414 cm 
and 441-449 
cm 
10YR-
4/1-dark 
gray 
heavily 
saturated 
from 397-
399 cm 
3 340 109 449 clayey 
silt 
very fine 
mica grains, 
no shells, 
abundant 
rootlets from 
460-476 cm 
10YR-
4/1-dark 
gray 
  
4 494 0 494 mud fine mica 
grains, 
abundant 
oyster shells 
from 514.5-
531 cm 
10YR-
3/1-very 
dark gray 
  
4 494 37 531 fine 
sandy 
clay 
grains fine 
towards 
bottom, 
grains are 
subrounded 
quartz and 
mica 
GLEY1-
4/10GY-
dark 
greenish 
gray 
  
4 494 80 574 END OF CORE 
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Core: PARV-12  
Location: Across Upshur Bay from Quinby, VA (across from PARV-14)  
Northing 4155240  
Easting 437173  
        
Notes: Core begins at 59 cm and goes to 734.5 cm (675.5 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
mud abundant 
rootlets and 
marsh grass, 
saturated 
  
  
1 59 0 59 mud abundant 
rootlets from 
59-83 cm 
10YR-4/1-
dark gray 
  
2 211 0 211 mud   GLEY1-
4/10GY-
dark 
greenish 
gray 
well 
saturated 
3 362.5 0 362.5 mud oyster shell 
decomposing 
from 508.5-
513.5 cm 
GLEY1-
3/10Y-
very dark 
greenish 
gray 
  
4 515.5 0 515.5 mud rootlets/root 
fragments 
from 527.5-
530 cm and 
small (~3 
mm) sand 
lens of fine 
sand with 
subrounded  
grains; 
dominantly 
quartz and 
muscovite, 
oyster shell 
from 554.5-
558 cm; rare 
shell 
fragments 
throughout 
GLEY1-
4/10GY-
dark 
greenish 
gray 
  
 88 
4 515.5 60 575.5 fine 
sandy 
silt 
rounded 
grains of 
dominantly 
quartz with 
some heavy 
minerals; 
shell 
fragments 
abundant 
throughout 
section 
(<1mm to 2 
cm in size); 
some minor 
rootlets/grass 
fragments 
10YR-3/1-
very dark 
gray 
  
4 515.5 85 600.5 silty 
fine 
sand 
grains are 
subangular, 
dominantly 
quartz with 
some heavy 
minerals; 
cemented 
concretions 
ranging in 
size from 
granules to 
pebbles and 
rare gravel 
sized chunks; 
some shell 
fragments 
10YR-4/3-
brown 
Iron 
staining 
from 
siderite 
(need 
freshwater, 
bicarbonate, 
and no 
sulphate) 
4 515.5 100 615.5 fine to 
medium 
sand 
grains are 
subrounded, 
dominantly 
quartz, heavy 
minerals and 
micas, 
saturated, 
rare pebble at 
640-640.5 
cm 
10YR-4/3-
brown 
Iron 
staining 
from 
siderite 
(need 
freshwater, 
bicarbonate, 
and no 
sulphate) 
4 515.5 142.5 658 mud 
with 
fine 
silty 
sand 
alternating 
lenses of 
mud and fine 
silty sand 
(subrounded, 
quartz, heavy 
minerals, and 
muscovite) 
10YR-3/1-
very dark 
gray 
last lens is 
clay, not 
mud 
5 670.5 0 670.5 fine 
sand 
subrounded 
quartz and 
heavy 
minerals with 
some 
muscovite; 
10YR-4/1-
dark gray 
  
 89 
lens of mud 
in top 40 cm 
of section; 
first 1 cm is 
clay, lenses 
at 670.5-676 
cm, 687-693 
cm, 699.5-
710.5 cm 
5 670.5 64 734.5 END OF CORE 
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Core: PARV-14  
Location: In marsh along shore near Quinby, VA  
Northing 4156379  
Easting 435974  
        
Notes: Core begins at 29 cm and goes to 311 cm (282 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
peat 
and silt 
modern, 
organic rich 
(whole roots 
and 
rhyzomes); 
dominantly 
medium 
sand up to 
granules 
  
  
0 0 10 10 mediu
m sand 
to 
granul
es 
some silty, 
quartz and 
rock 
fragments, 
some 
organics 
    
1 29 0 29 very 
coarse 
to 
coarse 
sand 
quartz, 
lithics, and 
heavy 
mineral 
grains; 
subrounded; 
marsh grass 
from 31-34 
cm 
10YR-
5/2-
grayish 
brown 
  
1 29 50.5 79.5 mud abundant 
rootlets and 
organic 
fragments, 
amount of 
fragments 
decrease 
towards the 
bottom 
10YR-
4/1-dark 
gray 
  
2 181.5 0 181.5 mud some 
organic 
fragments 
and rootlets 
10YR-
4/1-dark 
gray 
  
2 181.5 10 191.5 mud/p
eat 
organic rich; 
a lens of 
material 
from the 
10YR-
2/1-
black 
  
 91 
layer above 
from 195-
196.5 cm 
2 181.5 25 206.5 sandy 
clay 
very 
compact, 
rare rootlets 
and marsh 
grass 
throughout; 
sand grains 
are poorly 
sorted 
coarse to 
very coarse; 
subangular 
quartz, 
heavy 
mineral, and 
lithic grains 
10YR-
4/1-dark 
gray 
  
2 181.5 73.5 255 silty 
sand 
rare organic 
fragments 
and rootlets; 
sand grains 
are medium 
sized and 
rounded 
quartz and 
heavy 
minerals; 
section of 
medium to 
coarse 
subrounded 
quartz sand 
with some 
heavy 
minerals 
and minor 
silt 
component 
in the 
middle 
section 
10YR-
4/2-dark 
grayish 
brown 
(main 
section); 
10YR-
3/2-very 
dark 
grayish 
brown 
(sand 
section) 
  
2 181.5 96 277.5 fine to 
coarse 
sand 
poorly 
sorted, 
quartz sand 
and heavy 
minerals; 
grains are 
subrounded; 
some 
layers/lenses 
of 
decomposed 
organics 
(i.e. darker 
10YR-
3/3-dark 
brown 
  
 92 
in color); 
larger 
percentage 
of coarse 
grains 
towards 
bottom of 
section  
2 181.5 129.5 311 END OF CORE 
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Core: PARV-15  
Location: Immediately east of PARV-11  
Northing 4154640  
Easting 438233  
        
Notes: Core begins at 40 cm and goes to 311 cm (282 cm long)  
 
            
 
Drive 
Number 
Drive 
Start 
Depth 
(cm) 
Layer 
Start 
Depth 
(cm in 
Drive) 
Layer Start 
Depth 
Cumulative 
(cm) 
Grain 
Size 
Other 
Description Munsell Comments 
0 0 0 0 
peat and 
silt 
abundant 
roots, grass, 
rhyzomes 
  
  
1 40 0 40 mud  with fine 
mica grains 
and abundant 
marsh grass 
and rootlets 
10YR-
4/1-dark 
gray 
  
1 40 51 91 very fine 
sandy 
clayey 
silt 
grains are 
subrounded 
and 
dominantly 
heavy 
minerals and 
micas with 
quartz; some 
organic 
matter/rootlet
s throughout; 
scallop and 
oyster shells 
from 192-
193.5 cm 
10YR-
4/1-dark 
gray 
  
2 193.5 0 193.5 very fine 
sandy 
clayey 
silt 
grains are 
dominantly 
quartz witth 
heavy 
minerals and 
micas, 
subrounded; 
well sorted; 
some lenses 
of very fine 
sand (same 
mineralogical 
component 
as above); 
some oyster 
shells 
throughout 
and abundant 
10YR-
4/1-dark 
gray 
  
 94 
oysters from 
230.5-251.5 
cm (life 
position?) 
2 193.5 58 251.5 medium 
to very 
coarse 
shell 
hash in 
silty 
clay/very 
fine 
sandy 
silty 
medium to 
very coarse 
shel hash in 
silty clay 
(325.5-344.5 
cm) to very 
fine sandy 
silt that has 
subrounded 
well sorted 
quartz, heavy 
minerals, and 
mica grains 
(261.5-325.5 
cm) with rare 
marsh grass 
to silt (261.5-
251.5 cm); 
rare shell 
fragments 
10YR-
4/1-dark 
gray 
unit fines 
upwards 
3 344.5 0 344.5 fine 
sandy 
silt 
poorly sorted 
shell hash 
with some 
full shells 
(sized 
between <1 
mm to 5 cm) 
in a fine 
sandy silt 
with 
subrounded 
well sorted 
grains of 
quartz, heavy 
minerals, and 
micas 
10YR-
3/1-very 
dark gray 
  
3 344.5 36 380.5 silty clay occasional 
rootlets and 
organics; rare 
micas (<0.5 
mm) 
increasing in 
abundance 
towards 
bottom of 
layer 
10YR-
4/1-dark 
gray 
rip up 
clasts 
 95 
3 344.5 107 451.5 silty clay 
and silty 
sand 
interlayered; 
sand is very 
fine grained 
and well 
sorted, 
rounded, 
dominantly 
quartz, heavy 
minerals and 
micas; silt 
component is 
minor in sand 
10YR-
4/1-dark 
gray 
  
4 497.5 0 497.5 silty clay rare fine 
grained 
micas, lenses 
of sediment 
with higher 
silt 
component at 
519-525 cm 
and 566.6-
569 cm; 
lenses of silty 
fine sand 
with 
subrounded 
well sorted 
grains of 
quartz, heavy 
minerals and 
some micas 
sporadically 
throughout 
the core; 
periwinkle 
shells at 
499.5-500.5 
cm and 553-
554 cm 
10YR-
4/1-dark 
gray 
  
5 650 0 650 silty clay very fine 
micas; poorly 
sorted shell 
hash with 
occasional 
full shell 
sized coarse 
to pebble in 
lenses from 
682-687 cm; 
699.5-703 
cm; 725.5-
734.5 cm; 
and 772-782 
cm; shell 
hash in same 
silty clay 
10YR-
4/1-dark 
gray 
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matrix in lens 
from 772-
782 cm, there 
are rootlets 
and abundant 
fragments 
6 802.5 0 802.5 silty clay 
and silty 
sand 
interbedded; 
sand is 
poorly sorted 
fine to 
medium 
grains, 
subangular; 
grains are 
dominantly 
quartz, heavy 
minerals, and 
micas; shell 
and shell 
fragments in 
the sandy 
lenses from 
815.5-817.5 
cm and 
829.5-833.5 
cm 
10YR-
4/1-dark 
gray 
  
6 802.5 55 857.5 END OF CORE 
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Appendix B: Swale mapping location and depth information 
 
Auger/
Base	ID	 Latitude	 Longitude	
Ellipsoidal	
Height	
Depth	to	
Sand	
Surface	 Date	 Notes	
BASE1	 37.52485142	 -75.64227001	 -37.285	
	 	 	1	 37.53537806	 -75.6415634	 -37.225	 37	 10/14/16	
	2	 37.534749	 -75.64042157	 -37.408	 0	 10/14/16	
	3	 37.5341572	 -75.64039016	 -37.289	 26	 10/14/16	
	4	 37.5340912	 -75.64082839	 -37.288	 2	 10/14/16	
	5	 37.53411852	 -75.6413768	 -37.215	 13	 10/14/16	
	6	 37.53356594	 -75.64174453	 -37.332	 11	 10/14/16	 rock	sample	
7	 37.53343867	 -75.64113948	 -37.232	 23	 10/14/16	
	8	 37.53337974	 -75.64056404	 -37.346	 11	 10/14/16	
	9	 37.53343542	 -75.6395292	 -37.319	 4	 10/14/16	
	
10	 37.53336407	 -75.63901593	 -37.352	 36	 10/14/16	
with	
transition,	
not	a	sharp	
contrast	
11	 37.53272179	 -75.63825204	 -37.349	 20	 10/14/16	
	12	 37.5327839	 -75.6389521	 -37.32	 36	 10/14/16	
	13	 37.53294649	 -75.64007621	 -37.375	 20	 10/14/16	
	14	 37.53305568	 -75.64080459	 -37.372	 30	 10/14/16	
	
15	 37.5330852	 -75.64166726	 -37.211	 25	 10/14/16	
black	
organics	at	
top	
16	 37.53108128	 -75.64141632	 -37.173	 18	 10/14/16	
	17	 37.53104743	 -75.64127577	 -37.278	 15	 10/14/16	
	18	 37.53112484	 -75.64114467	 -37.198	 16	 10/14/16	
	19	 37.53049832	 -75.64017061	 -37.597	 17	 10/14/16	
	20	 37.53033425	 -75.63990744	 -37.515	 27	 10/14/16	
	21	 37.52993867	 -75.6394458	 -37.475	 43	 10/14/16	
	22	 37.52941582	 -75.63951448	 -37.519	 39	 10/14/16	
	23	 37.52982949	 -75.64013456	 -37.474	 36	 10/14/16	
	24	 37.52978866	 -75.64081983	 -37.493	 33	 10/14/16	
	25	 37.52993614	 -75.64144963	 -37.325	 28	 10/14/16	
	26	 37.52944482	 -75.64291305	 -37.128	 23	 10/14/16	
	27	 37.5293429	 -75.64292986	 -37.201	 19	 10/14/16	
	28	 37.52924202	 -75.64253497	 -37.178	 21	 10/14/16	
	29	 37.52910214	 -75.64235608	 -37.192	 20	 10/14/16	
	30	 37.5289224	 -75.64219073	 -37.339	 14	 10/14/16	
	31	 37.52817191	 -75.64129243	 -37.431	 1	 10/14/16	
	32	 37.52788973	 -75.64091634	 -37.542	 38	 10/14/16	 Channel=s
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wale	
paralleling	
modern	
ridge/dune	
33	 37.52715504	 -75.64140226	 -37.654	 44	 10/14/16	
	34	 37.52778608	 -75.64165983	 -37.447	 8	 10/14/16	
	35	 37.52753952	 -75.64242511	 -37.514	 30	 10/14/16	
	36	 37.52799309	 -75.64318357	 -37.357	 24	 10/14/16	
	37	 37.52823722	 -75.64353675	 -37.246	 16	 10/14/16	
	38	 37.52693345	 -75.64546095	 -37.231	 20	 10/14/16	
	39	 37.5264393	 -75.64503981	 -37.302	 16	 10/14/16	
	40	 37.52583687	 -75.64426204	 -37.434	 34	 10/14/16	
	
41	 37.52522226	 -75.6431055	 -37.611	 33	 10/14/16	
took	
sample	
42	 37.52492672	 -75.64440252	 -37.644	 42	 10/14/16	
	43	 37.52520693	 -75.6454781	 -37.565	 50	 10/14/16	
	44	 37.52557033	 -75.64684019	 -37.574	 49	 10/14/16	
	45	 37.5259377	 -75.64769482	 -37.809	 52	 10/14/16	
	46	 37.52553061	 -75.6481335	 -37.629	 42	 10/14/16	
	47	 37.52489568	 -75.64710157	 -37.478	 0	 10/14/16	
	48	 37.524778	 -75.64593263	 -37.4	 1	 10/14/16	
	
49	 37.52444782	 -75.64482183	 -37.769	 98	 10/14/16	
clearly	in	
swale	
50	 37.52428563	 -75.64412574	 -37.563	 2	 10/14/16	
	51	 37.52358653	 -75.64470241	 -37.61	 3	 10/14/16	
	52	 37.52396752	 -75.64572783	 -37.413	 13	 10/14/16	
	53	 37.52406612	 -75.64684394	 -37.58	 23	 10/14/16	
	54	 37.52413394	 -75.64741083	 -37.314	 14	 10/14/16	
	55	 37.52346318	 -75.64759989	 -37.255	 15	 10/14/16	
	56	 37.52305119	 -75.64736553	 -37.363	 17	 10/14/16	
	57	 37.52277392	 -75.64624807	 -37.49	 3	 10/14/16	
	58	 37.52212642	 -75.64658791	 -37.429	 16	 10/14/16	
	59	 37.52246711	 -75.64706097	 -37.434	 13	 10/14/16	
	60	 37.52316068	 -75.64755985	 -37.24	 15	 10/14/16	
	61	 37.52318792	 -75.64783598	 -37.207	 14	 10/14/16	
	62	 37.5224973	 -75.64856538	 -37.252	 12	 10/14/16	
	63	 37.52197421	 -75.64763758	 -37.453	 14	 10/14/16	
	64	 37.52152105	 -75.64681581	 -37.44	 10	 10/14/16	
	65	 37.520896	 -75.6473554	 -37.552	 19	 10/14/16	
	66	 37.5212774	 -75.64776094	 -37.432	 13	 10/14/16	
	67	 37.52162112	 -75.64819993	 -37.36	 17	 10/14/16	
	68	 37.52223331	 -75.64887559	 -37.314	 16	 10/14/16	 heavy	grass	
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(upland	
swale)	
69	 37.52164822	 -75.64940177	 -37.272	 11	 10/14/16	
	70	 37.52108597	 -75.64891869	 -37.329	 14	 10/14/16	
	71	 37.52056346	 -75.64844989	 -37.422	 14	 10/14/16	
	72	 37.5197059	 -75.64818701	 -37.433	 9	 10/14/16	
	73	 37.51980972	 -75.64880674	 -37.383	 15	 10/14/16	
	74	 37.5199362	 -75.65015133	 -37.274	 16	 10/14/16	
	75	 37.52036339	 -75.6513616	 -37.296	 7	 10/14/16	
	76	 37.51883232	 -75.65180562	 -37.238	 15	 10/14/16	
	77	 37.51864242	 -75.65069339	 -37.33	 13	 10/14/16	
	78	 37.51844521	 -75.64948937	 -37.364	 18	 10/14/16	
	79	 37.51834479	 -75.64865236	 -37.346	 16	 10/14/16	
	80	 37.51800235	 -75.64733173	 -37.235	 21	 10/14/16	
	81	 37.51769325	 -75.64582843	 -37.312	 23	 10/14/16	
	82	 37.51756986	 -75.64480208	 -37.322	 29	 10/14/16	
	83	 37.51602304	 -75.64585346	 -37.402	 14	 10/14/16	
	84	 37.51632073	 -75.64686851	 -37.36	 25	 10/14/16	
	85	 37.51677476	 -75.64763095	 -37.345	 26	 10/14/16	
	86	 37.5170265	 -75.64881275	 -37.363	 20	 10/14/16	
	87	 37.51752116	 -75.65000601	 -37.329	 20	 10/14/16	
	88	 37.5178499	 -75.65096739	 -37.343	 21	 10/14/16	
	89	 37.51838515	 -75.65292534	 -37.331	 15	 10/14/16	
	90	 37.51732194	 -75.65447273	 -37.266	 17	 10/14/16	
	91	 37.51678349	 -75.65307767	 -37.332	 30	 10/14/16	
	92	 37.51611637	 -75.65171443	 -37.389	 19	 10/14/16	
	93	 37.51544788	 -75.65006509	 -37.352	 14	 10/14/16	
	94	 37.51477728	 -75.64822834	 -37.379	 17	 10/14/16	
	95	 37.51467902	 -75.64709972	 -37.363	 16	 10/14/16	
	96	 37.51339545	 -75.64889368	 -37.277	 13	 10/14/16	
	97	 37.51363293	 -75.64986515	 -37.404	 2	 10/14/16	
	98	 37.51390919	 -75.65099898	 -37.693	 32	 10/14/16	
	99	 37.51417715	 -75.65194184	 -37.709	 45	 10/14/16	
	100	 37.51453702	 -75.65263878	 -37.696	 52	 10/14/16	
	101	 37.51472266	 -75.65352788	 -37.551	 55	 10/14/16	
	102	 37.5150127	 -75.65441552	 -37.823	 59	 10/14/16	
	103	 37.51536965	 -75.65581182	 -37.54	 53	 10/14/16	
	Base2	 37.5256422	 -75.64570872	 -36.304	
	 	 	104	 37.51977255	 -75.64793228	 -36.542	 2	 10/15/16	
	105	 37.51962033	 -75.64727997	 -36.593	 12	 10/15/16	
	106	 37.51942492	 -75.64656264	 -36.461	 23	 10/15/16	
	107	 37.51920807	 -75.64536338	 -36.47	 24	 10/15/16	
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108	 37.51921424	 -75.64478154	 -36.354	 35	 10/15/16	
	109	 37.51886086	 -75.64357909	 -36.07	 0	 10/15/16	
	
110	 37.5205801	 -75.64293082	 -36.04	 56	 10/15/16	
under	
washover	
fan	
111	 37.52058518	 -75.64424495	 -36.412	 26	 10/15/16	
	112	 37.52077614	 -75.64484464	 -36.515	 26	 10/15/16	
	113	 37.52086692	 -75.64539754	 -36.51	 19	 10/15/16	
	114	 37.52092491	 -75.64621444	 -36.563	 39	 10/15/16	
	115	 37.52052633	 -75.64594813	 -36.529	 29	 10/15/16	
	116	 37.51990841	 -75.64532389	 -36.497	 31	 10/15/16	
	
117	 37.51950142	 -75.64455424	 -36.626	 35	 10/15/16	
washover	
fan	and	
marsh	on	
top	
118	 37.51928431	 -75.6439007	 -36.325	 42	 10/15/16	
washover	
fan	and	
marsh	on	
top	
119	 37.51989936	 -75.64389954	 -36.397	 47	 10/15/16	
washover	
fan	and	
marsh	on	
top	
120	 37.52094505	 -75.64413755	 -36.441	 25	 10/15/16	
	121	 37.52115405	 -75.64501769	 -36.535	 31	 10/15/16	
	122	 37.52156713	 -75.64566756	 -36.554	 23	 10/15/16	
	123	 37.52178846	 -75.64594473	 -36.604	 27	 10/15/16	
	124	 37.52217008	 -75.64530634	 -36.695	 47	 10/15/16	
	125	 37.52177797	 -75.64474434	 -36.67	 35	 10/15/16	
	126	 37.52166808	 -75.64393542	 -36.514	 30	 10/15/16	
	127	 37.52148266	 -75.64347689	 -36.364	 40	 10/15/16	
	
128	 37.52130155	 -75.64293313	 -36.182	 39	 10/15/16	
washover	
fan	and	
peat	on	top	
129	 37.52212731	 -75.64169344	 -36.315	 31	 10/15/16	
	130	 37.52241738	 -75.6425632	 -36.385	 28	 10/15/16	
	131	 37.52275341	 -75.64343723	 -36.656	 34	 10/15/16	
	132	 37.5230863	 -75.64444924	 -36.485	 38	 10/15/16	
	
133	 37.52343197	 -75.64525349	 -36.602	 43	 10/15/16	
channel	
point	bar	
and	peat	
above	
134	 37.52424095	 -75.64378804	 -36.491	 29	 10/15/16	
	135	 37.52372403	 -75.64303478	 -36.515	 30	 10/15/16	
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136	 37.52343015	 -75.64209694	 -36.508	 19	 10/15/16	
	137	 37.52271756	 -75.64126147	 -36.391	 44	 10/15/16	
	138	 37.52399947	 -75.64005736	 -36.361	 37	 10/15/16	
	139	 37.52434015	 -75.6409081	 -36.474	 21	 10/15/16	
	140	 37.52466749	 -75.64214504	 -36.537	 39	 10/15/16	
	141	 37.52657545	 -75.64346548	 -36.701	 33	 10/15/16	
	142	 37.52609926	 -75.6424053	 -36.535	 12	 10/15/16	
	143	 37.52565704	 -75.64140237	 -36.518	 25	 10/15/16	
	144	 37.52539535	 -75.64065038	 -36.51	 28	 10/15/16	
	145	 37.52505081	 -75.63916174	 -36.242	 22	 10/15/16	
	146	 37.52645092	 -75.63831554	 -36.363	 14	 10/15/16	
	147	 37.52673481	 -75.6397088	 -36.474	 23	 10/15/16	
	148	 37.52690916	 -75.64086863	 -36.611	 34	 10/15/16	
	149	 37.52766633	 -75.64048047	 -36.586	 42	 10/15/16	
	
150	 37.5275137	 -75.63972826	 -36.609	 34	 10/15/16	
took	sand	
sample	
151	 37.52761129	 -75.6389628	 -36.317	 20	 10/15/16	
	
152	 37.52760207	 -75.63537677	 -36.338	 12	 10/15/16	
3	samples	
(12	cm,	
beach,	low	
tide)	
153	 37.52780067	 -75.63704643	 -36.312	 18	 10/15/16	
	154	 37.52787596	 -75.63723855	 -36.266	 22	 10/15/16	
	155	 37.52794981	 -75.63756127	 -36.329	 25	 10/15/16	
	156	 37.52801319	 -75.63764529	 -36.28	 25	 10/15/16	
	157	 37.52807323	 -75.6378763	 -36.255	 25	 10/15/16	
	158	 37.528127	 -75.638082	 -36.273	 26	 10/15/16	
	159	 37.52818406	 -75.6385016	 -36.252	 29	 10/15/16	
	160	 37.52824073	 -75.63850767	 -36.341	 24	 10/15/16	
	161	 37.52831493	 -75.63872101	 -36.338	 40	 10/15/16	
	162	 37.52838913	 -75.63892219	 -36.411	 37	 10/15/16	
	163	 37.52845212	 -75.63912547	 -36.52	 34	 10/15/16	
	164	 37.52852697	 -75.63931484	 -36.574	 26	 10/15/16	
	165	 37.52860902	 -75.63949401	 -36.58	 24	 10/15/16	
	166	 37.52869039	 -75.63969737	 -36.612	 41	 10/15/16	
	167	 37.52877957	 -75.63987202	 -36.656	 46	 10/15/16	
	168	 37.52887764	 -75.64002416	 -36.814	 44	 10/15/16	
	169	 37.529496	 -75.63905996	 -36.588	 40	 10/15/16	
	170	 37.52924725	 -75.63851189	 -36.505	 34	 10/15/16	
	171	 37.52895884	 -75.63783371	 -36.319	 28	 10/15/16	
	172	 37.52877901	 -75.63695215	 -36.284	 24	 10/15/16	
	173	 37.52845468	 -75.63650555	 -36.265	 29	 10/15/16	
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174	 37.52936069	 -75.63501732	 -36.244	 27	 10/15/16	
	175	 37.52955437	 -75.63555214	 -36.235	 30	 10/15/16	
	176	 37.52993573	 -75.63672034	 -36.305	 24	 10/15/16	
	177	 37.53019377	 -75.63741688	 -36.36	 33	 10/15/16	
	178	 37.5305452	 -75.63818509	 -36.502	 23	 10/15/16	
	179	 37.53099669	 -75.639076	 -36.715	 15	 10/15/16	
	180	 37.53149048	 -75.63825938	 -36.608	 17	 10/15/16	
	181	 37.53142804	 -75.6378296	 -36.665	 17	 10/15/16	
	182	 37.53128998	 -75.63717861	 -36.299	 15	 10/15/16	
	183	 37.53106451	 -75.63623046	 -36.287	 31	 10/15/16	
	184	 37.53082471	 -75.63536611	 -36.344	 31	 10/15/16	
	185	 37.53057452	 -75.63475999	 -36.22	 25	 10/15/16	
	186	 37.53228335	 -75.63352301	 -36.309	 14	 10/15/16	
	187	 37.53211825	 -75.63439891	 -36.277	 16	 10/15/16	
	188	 37.53238873	 -75.63499758	 -36.232	 37	 10/15/16	
	189	 37.53283655	 -75.6359835	 -36.345	 33	 10/15/16	
	190	 37.53301988	 -75.63652176	 -36.439	 28	 10/15/16	
	191	 37.53316037	 -75.63710439	 -36.459	 20	 10/15/16	
	192	 37.5333174	 -75.63766212	 -36.487	 20	 10/15/16	
	193	 37.53353971	 -75.63841998	 -36.697	 0	 10/15/16	
	194	 37.53401874	 -75.63887246	 -36.663	 7	 10/15/16	
	195	 37.53429531	 -75.6397185	 -36.537	 11	 10/15/16	
	196	 37.53476244	 -75.64009949	 -36.421	 13	 10/15/16	
	197	 37.53552532	 -75.63990663	 -36.42	 18	 10/15/16	
	198	 37.5354495	 -75.64069121	 -36.402	 29	 10/15/16	
	199	 37.53564047	 -75.64144177	 -36.425	 34	 10/15/16	
	200	 37.53200388	 -75.64136918	 -36.339	 21	 10/15/16	
	201	 37.53169579	 -75.64065263	 -36.655	 10	 10/15/16	
	202	 37.53109014	 -75.63949056	 -36.643	 15	 10/15/16	
	203	 37.5289496	 -75.64018459	 -36.589	 37	 10/15/16	
	204	 37.52905346	 -75.64035331	 -36.562	 27	 10/15/16	
	205	 37.52916155	 -75.64052497	 -36.574	 27	 10/15/16	
	206	 37.52928332	 -75.64069608	 -36.581	 21	 10/15/16	
	207	 37.52938894	 -75.64088476	 -36.57	 25	 10/15/16	
	208	 37.52949978	 -75.64106878	 -36.549	 27	 10/15/16	
	209	 37.52960788	 -75.64125537	 -36.453	 23	 10/15/16	
	210	 37.52970432	 -75.6414443	 -36.311	 23	 10/15/16	
	211	 37.52980311	 -75.64162929	 -36.361	 20	 10/15/16	
	212	 37.52989675	 -75.64182532	 -36.402	 13	 10/15/16	
	213	 37.5299954	 -75.64202194	 -36.257	 10	 10/15/16	
	214	 37.53005245	 -75.64223591	 -36.254	 17	 10/15/16	
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215	 37.52676143	 -75.64365032	 -36.597	 23	 10/15/16	
	216	 37.52700836	 -75.64395718	 -36.443	 18	 10/15/16	
	217	 37.52730368	 -75.6442388	 -36.355	 12	 10/15/16	
	218	 37.54443436	 -75.6364185	 -38.957	 29	 3/17/17	
	219	 37.5442631	 -75.63417938	 -38.709	 0	 3/17/17	
	220	 37.54368824	 -75.63336136	 -38.918	 7	 3/17/17	
	221	 37.54323073	 -75.63249549	 -38.802	 24	 3/17/17	
	222	 37.54269344	 -75.63166043	 -38.708	 29	 3/17/17	
	223	 37.54212611	 -75.63084826	 -38.661	 52	 3/17/17	
	224	 37.54159634	 -75.62996215	 -38.639	 43	 3/17/17	
	225	 37.5410961	 -75.62912577	 -38.616	 23	 3/17/17	
	226	 37.53807322	 -75.63255664	 -38.637	 23	 3/17/17	
	227	 37.53841124	 -75.63348833	 -38.683	 30	 3/17/17	
	228	 37.53887895	 -75.63426237	 -38.658	 40	 3/17/17	
	229	 37.53941472	 -75.63507013	 -38.766	 32	 3/17/17	
	230	 37.53985707	 -75.63596938	 -38.765	 34	 3/17/17	
	231	 37.54056134	 -75.6370621	 -38.759	 26	 3/17/17	
	232	 37.541341	 -75.63814341	 -38.787	 29	 3/17/17	
	233	 37.54235972	 -75.63948216	 -38.788	 24	 3/17/17	
	234	 37.54304226	 -75.64059174	 -38.852	 19	 3/17/17	
	235	 37.5405633	 -75.641809	 -39.004	 15	 3/17/17	
	236	 37.54036963	 -75.64048279	 -39.138	 20	 3/17/17	
	237	 37.53942625	 -75.63935319	 -39.039	 21	 3/17/17	
	238	 37.53875346	 -75.63813159	 -38.804	 18	 3/17/17	
	239	 37.53800923	 -75.63693711	 -38.803	 21	 3/17/17	
	240	 37.5374691	 -75.63614286	 -38.753	 32	 3/17/17	
	241	 37.54574391	 -75.63959685	 -39.117	 26	 3/17/17	
	242	 37.54432297	 -75.64054157	 -36.962	 33	 3/18/17	
	243	 37.54393062	 -75.63917992	 -36.599	 0	 3/18/17	
	244	 37.54343958	 -75.63786556	 -36.752	 8	 3/18/17	
	245	 37.5426072	 -75.63639429	 -36.821	 5	 3/18/17	
	246	 37.54197924	 -75.63522476	 -36.665	 23	 3/18/17	
	247	 37.54130725	 -75.63384802	 -36.646	 18	 3/18/17	
	248	 37.54053131	 -75.63267225	 -36.753	 21	 3/18/17	
	249	 37.53958021	 -75.63193921	 -36.451	 30	 3/18/17	
	250	 37.53844527	 -75.63104349	 -36.393	 16	 3/18/17	
	251	 37.53566555	 -75.63316572	 -36.435	 20	 3/18/17	
	252	 37.53645491	 -75.63458452	 -36.503	 27	 3/18/17	
	253	 37.53305731	 -75.63519356	 -36.409	 28	 3/18/17	
	254	 37.53444357	 -75.63661939	 -36.449	 39	 3/18/17	
	255	 37.53513566	 -75.63804116	 -36.56	 16	 3/18/17	
	256	 37.53639119	 -75.63931965	 -36.64	 19	 3/18/17	
	257	 37.53713695	 -75.64094961	 -36.662	 18	 3/18/17	
	258	 37.53736016	 -75.64269189	 -36.783	 36	 3/18/17	
	
 104 
259	 37.5386781	 -75.64375649	 -36.899	 29	 3/18/17	
	260	 37.53712521	 -75.64449404	 -36.883	 25	 3/18/17	
	261	 37.53885208	 -75.64215731	 -36.676	 24	 3/18/17	
	262	 37.53833536	 -75.64048525	 -36.691	 21	 3/18/17	
	263	 37.53771348	 -75.63902179	 -36.657	 15	 3/18/17	
	264	 37.54100632	 -75.639896	 -36.618	 23	 3/18/17	
	265	 37.54289816	 -75.64315294	 -36.888	 46	 3/18/17	
	 
 
